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resumo A investigação do DNA tem sido uma das áreas de investigação mais ex-
ploradas no último séulo. Desde a sua primeira desrição até à primeira
sequênia ompleta do genoma humano muito foi desoberto, mas ainda
estamos longe de o ompreender ompletamente.
Neste trabalho tentámos explorar a ordem até à qual se veria a existênia
de simetria relevante em genomas, e para esse m, usámos um onjunto de
genomas de vários organismos. Tentámos enontar relação entre os vários
genomas através das araterístias de simetria.
Foram analisados três tipos de simetria: simetria inversa, simetria reversa e
simetria omplementar. Usámos, ainda, uma nova medida para lassiar a
simetria: a proporção de pares equivalentes.
A natureza das operações envolvidas, o tamanho da memória e a eiên-
ia temporal são fatores a ter em onta aquando do desenvolvimento de
ferramentas omputaionais. Várias soluções foram exploradas tendo omo
objetivo minimizar a memória utilizada e minimizar o tempo de exeução.
Conrma-se uma tendênia para a existênia de simetria inversa no onjunto
dos genomas usados e observou-se que existe assoiação entre os resultados
das medidas de simetria e o tamanho dos genomas.
keywords DNA symmetry, nuleotides, dinuleotides, trinuleotides, oligonuleotides,
genome, equivalene tests
abstrat DNA researh has been one of the most explored areas in the last entury.
From its rst desription to the rst omplete human genome sequene a
lot has been disovered, but we are still far from fully understanding it.
With this work we tried to nd until whih order is relevant symmetry found
in genomes and for that purpose, we used several genomes of dierent organ-
isms. We tried to nd a relation between the various genomes by analysing
their symmetry harateristis.
Three types of symmetry were analysed: omplementary symmetry, reverse
symmetry, and inverted symmetry. Also, a new symmetry measure was used:
the proportion of equivalent pairs.
The nature of the operations involved, memory spae and time eieny are
important fators to be onsidered when developing omputational tools. A
few dierent solutions are explored in order to minimize memory alloation
and minimize runtimes.
This work onrms a tendeny for the inverted symmetry in the set of
genomes used and it was also observed an assoiation between the sym-
metry measure results and the size of the genomes.
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Chapter 1
Introdution
DNA (deoxyribonulei aid) researh has been one of the most explored areas in the
last entury. From its rst desription to the rst omplete human genome sequene a lot
has been disovered, but we are still far from fully understanding it. Disovering DNA has
allowed ountless sientists and researhers to unover its struture and behaviour. Leading
to better understanding of diseases, deteting predisposition to them as well as ontributing
to the development of treatments. These breakthroughs now oer hope for patients who suer
from what were one untreatable diseases. Other elds beside mediine have beneted from
the understanding of DNA, suh as forensi siene, agriulture or even legal issues suh as
paternity ases.
This dissertation will fous on trying to further understand the DNA organization, speif-
ially the symmetry found on DNA. Several studies have been done in this eld. Some with
fous only on dinuleotide and trinuleotide symmetry [3, 2℄, others higher oligonuleotide
orders [15℄, others on using dierent symmetry (inverted, reversed and omplemented) and
similarity measures [4℄ and others on high olygonuleotide orders [20℄. The objetive of this
dissertation is to implement an extensive tool, apable of analysing DNA sequenes at dier-
ent oligonuleotide orders, dierent kinds of symmetry, using various types of symmetry and
similarity measures, proess a large number of dierent genomes and analyse the results.
In the rst hapter some basi onepts of moleular biology will be introdued, Charga's
rules, the identiation of some possible types of symmetry, as well as a review of the state of
the art in the eld. Chapter two will fous on the proess of information retrieval, followed
by ompression methods on hapter three. Chapter four will over the dierent symmetry
and similarity measures used. In hapter ve we will analyse the results obtained, followed by
onlusions and suggestions for possible future work in the last hapter.
1
CHAPTER 1. INTRODUCTION
1.1 Basi onepts of moleular biology
DNA Struture
Nulei Aids were rst disovered by Friedrish Miesher in 1869 [8℄. It was initially
thought that these aids were only found in the nuleus, therefore its designation. Nowadays
it is well known that nulei aids an be found outside the nuleus, nevertheless its designation
is still used. Deoxyribonulei aid (DNA) is one of these nulei aids and it is found in every
ell.
DNA ontains a sequene of four dierent nuleotides. Eah nuleotide onsists of a
deoxyribose onneted to a phosphate and a nitrogenous base (see gure 1.1). These bases
are (see gure 1.2):
• Adenine(A).
• Thymine(T).
• Cytosine(C).
• Guanine(G).
Adenine and guanine are purines, being onstituted by double-ringed strutures, and ytosine
and thymine are pyrimidines, single-ringed strutures.
Figure 1.1: DNA basi struture (from [12℄).
The DNA struture was rstly desribed in 1953 by Watson and Crik (using x-ray dira-
tion data) as a spiral stairase struture, proposing the double helix model [23℄ (see gure 1.3).
Watson and Crik already knew that the quantity of guanine and ytosine were the same, as
well as the amount of adenine and thymine from Erwin Charga's work [6℄.
Aording to their model, a DNA moleule onsists of two nuleotide strands oiled around
eah other in a spiral stairase struture. The sugar and the phosphate are on the outside of
2
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Figure 1.2: Nitrogenous bases of DNA.
the double helix, the bases are in the inside and are onneted to their omplementary base
(adenine to thymine and ytosine to guanine) by hydrogen bonds. The two strands of the
DNA double helix run in opposite diretions, one in the 5' to 3' diretion, know as the Watson
strand, and the other in the 3' to 5' diretion, known as the Crik strand. The strands relate
to eah other in a antiparallel way.
Figure 1.3: Double helix model (from [12℄).
3
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1.2 Charga's rules
Erwin Charga was a biohemist that through areful experimentation disovered a few
rules that helped lead to the disovery of the double helix struture of DNA. His four rules
are [11℄:
• First parity rule: For duplex DNA the perentage of adenine is equal to the perentage
of thymine, and ytosine and guanine share the same harateristi.
%A = %T,%C = %G (1.1)
• The luster rule: Individual bases are lustered more than it ould be expeted on a
random basis.
• Seond parity rule: For individual strands of DNA, to lose approximation, the rst
parity rule also applies.
%A ∼= %T,%C ∼= %G (1.2)
• The GC rule: the ratio of C+G to the total bases (A+C+G+T ) tends to be onstant
in a partiular speies, but varies between speies.
The luster rule, rst and seond parity rules are speies-invariant, while the GC rule is
speies-variant.
1.3 Oligonuleotides
Oligonuleotides are a sequene of nuleotides. Sine there are 4 dierent nuleotides
in DNA, the number of dierent possible oligonuleotides with N nuleotides are n = 4N .
Oligonuleotides of order two and three and generally referred to as dinuleotides or doublets
and trinuleotides or triplets respetively.
1.4 Oligonuleotide onjugates
There are three dierent oligonuleotide onjugates (reverse, omplement and inverted).
A reverse onjugate is the reverse of the oligonuleotide. An oligonuleotde with 5' to 3'
diretion has a reverse onjugate whih is the same sequene with 3' to 5' diretion.
Complement onjugates explore the base pair omplementarity, adenine with thymine and
ytosine with guanine. The omplement onjugate of an oligonultotide is one that for eah
original nuleotide it ontains it's omplementary pair.
4
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The inverse onjugate is the reverse of a omplemented oligonuleotide.
To illustrate eah of the three types of oligonuleotide onjugates, the following oligonu-
leotide of order N = 5 is used as an example:
AAGTC (1.3)
The oligonuleotide onjugates are:
• Reverse onjugate: CTGAA.
• Complement onjugate: TTCAG.
• Inverse (also known as inverted omplement): GACTT .
These dierent onjugates are the base of our symmetry analysis. Reverse, omplement
and inverse symmetry depends on the quantities of these onjugates respetively. A genome
with a perfet symmetry is one where every oligonuleotide is present in the same quantity as
it's onjugate.
1.5 State of the art
Several studies and researh have been onduted in the eld of DNA symmetry. The rst
Charga's parity rule (that states that for duplex DNA the perentage of adenine is equal
to the perentage of thymine, and ytosine and guanine share the same harateristi) is well
doumented [11℄, as well as the seond parity rule (that for individual strands of DNA, to
lose approximation, the rst parity rule also applies) [5℄.
These studies foused on quantitative results for single nuleotide ourrene.
Trying to generalize to higher orders (i.e. omparing the quantities of oligonuleotides
instead of nuleotides) several studies have been onduted as well. In [4, 20℄ oligonuleotides
of order up to N = 10 were ompared, while others [2, 3, 15℄ foused on dinuleotide and
trinuleotide frequenies. All of these studies onluded that there is up to some order inverted
symmetry. Kong et al [15℄ suggest inverse dupliation (gure 1.4) as an hypothesis to the
genome growth and evolution, resulting on the found symmetry.
Reverse and omplement symmetry also has been studied, but results have not shown
reverse or omplement symmetry at any order [15℄.
In order to quantify symmetry levels, several measurements have been used, from relative
to global measurements. Relative measures fous on measuring symmetry between spei
nuleotides or oligonuleotides and their onjugate, while global measures fous on a global
measurement for all oligonuleotides and their onjugates of a given DNA sequene. Relative
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Figure 1.4: Inverted segmental dupliation for DNA genomes, from [15℄.
measures previously used to measure DNA symmetry are frequeny skews [4℄ and relative
abundane [22℄. Global measures used inlude L1 distane [15℄, KullBak-Leibler divergene [4℄
and orrelation oeients [2℄.
In order to graphially represent DNA symmetry, plotting the frequeny of all possible
oligonuleotides and the frequeny of their onjugates at a given order has been done (gure
1.5). This method allows us to learly see if symmetry is present. The loser the points are
to the line y=x, the more symmetri the sequene analysed is.
Another method used to graphially represent DNA symmetry is to plot all the dierent
possible oligonuleotides and their respetive frequeny (gure 1.6). This method may requires
us to mentally alulate the oligonuleotide onjugates in order to ompare their frequeny if
the the x axis is not ordered by onjugates as is the ase of (gure 1.6). At high orders this
an be almost impossible.
All of these studies onluded that as a general rule, the bigger the sequene analysed,
the higher the symmetry level is. For large DNA genomes, suh as the human genome, even
at the higher oligonuleotide orders analysed (N=10 ), inverse symmetry is present [4℄. This
led us to try to nd at with oligonuleotide order does inverse symmetry stop. Beside the
relative low order of the analysis done, some of these studies also suer from limited set of
sequenes or lak of speies and measurement diversity. This led us to implement a extensive
tool apable of:
• Analyse DNA sequenes at high oligonuleotide orders to determinate at what order
does inverted symmetry stop for large DNA genomes.
• Analyse all three types of symmetry (inverse, reverse and omplement) in order to on-
rm the absene of reverse and omplement symmetry.
6
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Figure 1.5: Counts on diret strand vs ounts on reverse omplementary strand of human
romossome 22 of oligonuleotide lengths of N = 1 to 9 (from [4℄).
Figure 1.6: Trinuleotide frequenies in perentage (from [3℄).
7
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• Quantify symmetry using diverse measures and nd whih ones are better to lassify
DNA symmetry.
Furthermore a large variety of DNA sequenes from diferent speies of dierent families will
be analysed suh as arhaea, bateria, protozoa, fungi, insets, mammals, nematodes, sh and
plants, in order to try to nd a relation between them.
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Information retrieval
Proessing large quantities of information an be very onerous, both in time and omputer
memory. In this hapter the proess of extrating information will be desribed, inluding le
proessing, and the omplexity of data strutures will be analysed.
Big O notation will be used to desribe the omplexity, more speiity O() for the worst-
ase senario and Õ() for the average ase senario.
The main hallenges, programming language wise, are the ability to proess large data
les, its portability, and the possibility of future implementation of rih graphi interfae.
The programming language we have hosen was java [17℄ beause of the author's experiene
with it and the fat that it an takle all of the above requirements. C and C++ where also
onsidered, but the author's lak of experiene with C++, the weaker graphial interfaes and
its portability narrowed down the pik to java.
2.1 FASTA speiation
FASTA is a DNA and protein sequene alignment software pakage developed by David
J. Lipman and William R. Pearson in 1985. Their legay is the FASTA format whih is now
ubiquitous in bioinformatis.
FASTA format is a text based format that an represent both nuleotide sequenes and
peptide sequenes, using a single letter ode to represent base pairs or amino aids.
A sequene begins with a single line desription, followed by lines of sequene data. The
desription line is distinguished from the sequene data by a greater-than ">" symbol at the
beginning. It is reommended that all lines of text are shorter than 80 haraters in length [14℄.
An example sequene in FASTA format is shown in gure 2.1.
FASTA speiations do not allow blank lines in the middle of the le input. A multiple
sequene is allowed, obtained simply by onatenating several single sequene FASTA les.
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Figure 2.1: Example of a le in FASTA format (Vitis vinifera hromosome 3).
This stiks to the format as the rst line of a le starts with ">", foring all subsequent
sequenes to start with a ">" in order to be taken as dierent ones. The example shown in
gure 2.1 is in fat a multiple sequene FASTA format le.
The les ontain the nuleotides, A(adenine), C(ytosine), G(guanine), T(thymine), as
well as N. N represents an unknown nulei nuleotide, and we parse them out as well as the
header lines for our information retrieval.
Header lines normally ontain aession versions (e.g. AA01.1) but a bar-separated NCBI
sequene identier (e.g. gi|129543) is also aeptable. These NCBI sequene identiers have
a spei syntax [9℄ and generally ontain information about database loation, patent infor-
mation or dates. For example, for a patent type, the format is (pat|ountry|patent|sequene;
example:pat|US|RE33188|1).
There is no le extension standard in FASTA speiations but the most ommonly used
are:
• *.fa - generi fasta le.
• *.fna - ontains oding and non oding regions of a genome.
• *.fnn - ontains oding regions of a genome.
• *.faa - ontains amino aids.
• *.frn - ontains non oding RNA regions of a genome.
For our purposes we are using fa, fna and fnn les.
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2.2 Mapping values
In order to proess large DNA les at high oligonuleotide orders, we need to identify eah
oligonuleotide as fast as possible, as well as use the minimum physial memory possible to
store information about them (i.e the number of ourrenes).
Eah harater in java language requires 16 bits, so for eah oligonuleotide of order N = 20
it would take 320 bits of memory to save it as a series of haraters.
Mapping eah possible oligonuleotide to an unique numerial number, using a long 64 bit
data type, we an identify oligonuleotides up to orders of N = 31, sine a long data type in
java holds values up to 263−1. Mapping them to an integer 32 bit type will allow up to orders
of N = 15. This solution also proves to be muh faster for omparing oligonuleotides.
Identifying eah possible oligonuleotide is done by the following formula:
N−1∑
i=0
Fi(4
N−i−1) (2.1)
Fi is dened by:
• 0 when the harater in position i is A.
• 1 when the harater in position i is C.
• 2 when the harater in position i is G.
• 3 when the harater in position i is T .
Given the following sequene for better understanding:
ACGAC (2.2)
Proessing this sequene for order N = 2 would generate the following numbers for eah
of the dinuleotides present in the sequene:
• AC -> FA(4
2−0−1) + FC(4
2−1−1) = 0(4) + 1(1) = 1.
• CG -> FC(4
2−0−1) + FG(4
2−1−1) = 1(4) + 2(1) = 6.
• GA -> FG(4
2−0−1) + FA(4
2−1−1) = 2(4) + 0(1) = 8.
• AC -> FA(4
2−0−1) + FC(4
2−1−1) = 0(4) + 1(1) = 1.
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2.3 Data strutures
The storage and organization of our information in memory must be done in the most
eient way possible as proessing DNA les is very demanding in terms of time and memory.
Dierent data strutures are suited to dierent type of appliations. We will now explore some
data strutures (simple arrays, dynami arrays, linked lists, binary trees and hash tables) and
try to nd the most eient ones for our spei task. We will fous on their eieny
and omplexity when doing the operations of insertion and searh, and we will not deal with
deletion beause they are not needed for our work.
2.3.1 Simple arrays
A simple array of an objet in a omputer memory is typially addressed by integers from
0 to N − 1, where N is normally an integer. In most programming languages, an objet
oupies a ontiguous set of loations in the omputer memory. It uses a pointer, that is
the address of the rst memory loation of the objet, and we an address other memory
loations within the objet by adding an oset to the pointer (index). For our task, the
objets are 32 bit integers. These integer objets are the number of ounts of eah possible
oligonuleotide, while the indexes themselves represent the dierent possible oligonuleotides
(oligonuleotide identiers). This allows us to only store in memory the number of ounts
and nothing else making the single array the most eient possible solution whenever all
the possible oligonuleotides have ourred at least one, beause we only store the 32 bits
orresponding to the oligonuleotide ounts and not the 64 bit of the oligonuleotide identiers.
As we an see in table 2.1 this solution is not feasible and is a problem for high oligonuleotide
orders beause of the amount of memory required.
Given the sample DNA sequene (2.2), analysing the sequene for oligonuleotide order
N = 2, the state of memory is shown in table 2.2.
Complexity wise, using simple array will also be the most eient, as both insertion and
searhing operations behave in a O(1) manner, sine neither of the operations are aeted by
the size of the struture.
2.3.2 Dynami arrays
Dynami arrays dier from simple arrays beause the array size is not stati, having the
ability to hange size after the array's delaration. It allows elements to be added or removed.
Most modern programming languages inlude them in their standard libraries. Dynami arrays
are onstruted with a xed size array that onsists of two parts. The rst, onsists of the used
portion of the dynami array and the seond part of the free spae. As the size of the logial
12
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N Size
1 16B
2 64B
3 256B
4 1KB
5 4KB
6 16KB
7 64KB
8 256KB
9 1MB
10 4MB
11 16MB
12 64MB
13 256MB
14 1GB
15 4GB
16 16GB
17 64GB
18 256GB
19 1TB
20 4TB
Table 2.1: Oligonuleotide N order and memory required for single array.
index 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
ontent 0 2 0 0 0 0 1 0 1 0 0 0 0 0 0 0
Table 2.2: State of the memory used using simple array with sample sequene ACGAC for
oligonuleotide order N = 2.
size (used portion) grows, the apaity itself has to grow in order to aommodate more entries.
This resize of the array ours whenever the spae is entirely onsumed and the array annot
hold more entries. Resizing the array is a very expensive task, typially involving opying the
entire ontents of the array, so hoosing the initial apaity is of extremely importane.
The dynami array an solve the problem of the simple array in terms of memory used
13
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beause the oligonuleotides that never ourred in our DNA sequene do not need to be
alloated in memory. In gure 2.2 we an see how the insertion of the sample sequene (2.2)
would our.
Figure 2.2: Unsorted insertion of the sample sequene ACGAC for oligonuleotide order N = 2
in dynami array.
Using an unsorted dynami array, as in 2.2, would only require 64 bit per eah entry, but
instead of alloating the number of ourrenes of the olygonuleotides we would be alloating
the olygonuleotide identiers, requiring us to alloate the same olygonuleotide identier
several times. Depending on the size of the DNA sequene this solution an be several times
worse in terms of memory required, beause the same identier would be stored several times
(the number of time it appears in the DNA sequene).
Alloating both oligonuleotide identity and number of ourrenes would take 96 bits per
entry but would save overall muh more memory (gure 2.3), whenever the the same identier
is present several times in the DNA sequene, beause it wouldn't have to be stored more than
one.
Figure 2.3: Sorted insertion of the sample sequene ACGAC for oligonuleotide order N = 2
in dynami array.
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Inserting new elements at the end of the dynami array an be done in onstant time
(O(1)), but we need to keep the dynami array sorted to save memory, so an insertion requires
a previous searh. Implementing a binary searh would require in the worst ase O(log(M))
time (M representing the number of dierent oligonuleotides present in the DNA sequene).
Inserting an element after the searh is done takes O(M) time beause in order to keep the
array sorted, every single entry after the right position is found has to be hanged. So the
operations omplexity is:
• Insert: O(M)+O(log(M)).
• Searh: O(log(M)).
In spite of the memory improvements over the simple arrays (when not all oligonuleotides
are present in the DNA sequene, beause oligonuleotides not present in the sequene do not
have to be stored), dynami arrays fail at delivering reasonable insert and searh time, making
it a solution not adequate for this work.
2.3.3 Linked lists
A linked list is a data struture in whih the objets are arranged in linear order. Instead
of the linear order being determined by the array indies, like in a simple array, the order in
a linked list is determined by a pointer in eah objet.
In doubly linked lists, an objet has two pointer attributes: one to the next and another
to the previous objet. The objet may ontain any data we require. Given an element in
the list, the next pointer points to its suessor in the linked list, and the previous pointer
points to its predeessor. If the previous pointer is NULL, then that element does not have
an predeessor and is therefore the head (rst element). Similarly if the next pointer of an
element is NULL it is the tail (last element of the list).
Proessing the sample sequene (2.2) for oligonuleotide order N = 2, using an ordered
by olygonuleotide double linked list ontaining both olygonuleotide identity and ourrene
ount, would result in the struture shown in gure 2.4.
Figure 2.4: Double linked list after inserting sample sequene ACGAC for oligonuleotide
order N=2.
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In omparison with dynami arrays, linked lists require more memory sine we are allo-
ating the next and previous pointer for eah element. But this allows the insertion of an
element to be muh faster as we no longer have to move every single element after nding
the position to do the insertion. We simply hange the next pointer of the previous element
and the previous pointer of the next element pointing them to the new element. One of the
problems of implementing linked lists is that we an no longer use binary searhes. We annot
nd the middle of the list in onstant time, resulting in O(M) searhing times. The omplexity
of the operations is:
• Insert: O(M).
• Searh: O(M).
Linked arrays greatly improve insertion times, but we simply annot aord to do linear
searhes.
2.3.4 Binary trees
A binary tree is a linked data struture where eah node is an objet. In addition to
a key (primary tribute that denes the weight on the node, in our ase the oligonuleotide
identier) and satellite data (other information stored, in out ase the oligonuleotide ounts),
eah node ontains attributes left, right, and parent that point to the nodes orresponding
to its left hild, its right hild, and its parent, respetively. Whenever a hild or the parent
is missing, the orresponding attribute ontains the value NULL. The only node that has no
parent is the root node.
A binary searh tree is a binary tree that respets the following properties:
• Every key in the node's left subtree is smaller than the node's key.
• Every key in the node's right subtree is bigger than the node's key.
Basi operations on a binary searh tree take time proportional to the height of the tree. In
omplete binary trees (when the height distane of the root node is the same to all end nodes)
basi operations are done in O(log(N)) time. However, if the tree is a linear hain of nodes
(gure 2.5), operations are done in a linear way (O(M)).
A balaned binary searh tree is height balaned. For every node, the heights of the left
and right subtree annot dier by more than 1. The onstant need of balaning the tree is a
very expensive task as inserting a new node an hange all the whole struture. Figure 2.6
shows the state of the balaned tree after proessing the sample sequene (2.2).
The omplexity of the operations is:
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Figure 2.5: State of an unbalaned binary tree after inserting the sample sequene ACGAC
for oligonuleotide order N = 2.
Figure 2.6: State of a balaned binary tree after inserting the sample sequene ACGAC for
oligonuleotide order N = 2.
17
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• Insert: O(M).
• Searh: O(log(M)).
In spite of the onstant balaning need, binary trees improve on searh time omparing to
linked lists.
2.3.5 Hash tables
A hash table generalizes the simple notion of an ordinary array. As we have seen with
simple array, diretly addressing makes eetive use of our ability to searh an arbitrary
position in an array in O(1) time. The downside is that when the keys to be store are atually
a small number ompared to the total possible keys and we annot aord to alloate the whole
universe of keys, beause of the amount of memory required.
Hash tables are an eient alternative to diretly addressing an array, typially using an
array of size proportional to the number of keys stored. Instead of using the key as an array
index diretly, the array index is omputed based on the key. With a simple array, an element
with key k is stored in slot k. With hashing, this element is stored in slot fk, using a hash
funtion f to ompute the slot from the key k. Figure 2.7 shows a simple example when fk
equals the key k and the sequene proessed is (2.2) and oligonuleotide order N = 2 without
ollisions.
Figure 2.7: Hash table without ollisions, insertion of the sample sequene ACGAC for oligonu-
leotide order N = 2.
The funtion Fk is alulated based on the key but not only, the atual size of the hash
table, reating the possibility of ollisions. This happens when more than one key hashes into
the same buket. One way to solve ollision problems is by haining (gure 2.8).
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Figure 2.8: Hash table with ollisions, insertion of the sample sequene ACGAC for oligonu-
leotide order N = 2.
Chaining uses a linked list to plae all the elements that hash into the same buket. If
the buket does not ontain any elements, it ontains null. The number of ollisions are
diretly dependant on the size of the hash table, making the load fator (the portion of the
bukets in the struture that will be used by one or more entries) very important on hash table
performane. Eah time the hash table goes over the load fator threshold it grows in size.
Using a high load fator will result in less memory alloation but will inrease the hanes of
ollisions. As the load fator approahes zero, the probability of ollision ourring diminishes
but the memory needed inreases as the portion of unused bukets is bigger. Initial apaity
is also important, as rehashing the table is time onsuming.
The omplexity of the operations is[7℄:
• Insert: Õ(1).
• Searh: Õ(1).
2.4 Solution adopted
After studying the various data strutures we have onluded:
• Whenever the whole universe of keys is present and the memory is suient, the simple
array solution is the most eient both in terms of memory and omplexity.
• We annot aord to use simple arrays for high oligonuleotide orders beause of the size
of memory needed (table 2.1).
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These onstraints of the simgle array led us to implement another type of data struture
in order to proess DNA les using high oligonuleotide orders.
N Insertion Searh
Simple array O(1) O(1)
Dynami array O(M)+O(log(M)) O(log(M))
Linked list O(M) O(M)
Balaned binary tree O(M) O(log(M))
Hash table Õ(1) Õ(1)
Table 2.3: Insertion and searh omplexities for simple array, dynami array, linked list,
balaned binary tree and hash table.
Beside simple arrays, hash tables are the most eient data struture for our task (table
2.3). It still takes longer than simple array to do a searh and an insertion, beause of the
rehashing and the ollisions. But under reasonable assumptions it still averages onstant
searh and insertion times.
Having hosen both simple arrays and hash table to implement, one question rises. When
should we use simple array and when should we use hash table to proess our DNA les?
Table 2.4 shows the time eieny for both simple array and hash table implementations
for oligonuleotide N orders of up to 15, proessing Eoli bateria DNA les. Holes represent
the number of keys in the universe that never ourred. Proessing le time orresponds to the
time it took to ount all oligonuleotide ourrenes in our DNA les. Retrieving values are
the time it took, after all the insertions were done, to searh all the oligonuleotide identiers
present and alulate symmetry and similarity values. The times represent the runtime of the
university server (Sapiens) , onsisting of four quad ore intel xeon e7320 proessors running
at 2.13GHz of speed, with 256GB of shared RAM memory.
As expeted, while all the keys of the universe were present, using a simple array is faster
,or as fast approximately both on proessing and retrieving times. But with the growth of the
N order, holes start to appear and its numbers keep inreasing for higher orders. Proessing
time ontinued to be faster using a simple array, but retrieving values is muh faster using a
hash table. For N = 15 the hash table performed approximately 130 times faster on retrieving
the values than the simple array, while being only less than twie slower proessing the le.
This happens beause the simple array has to iterate over all the universe of keys, even if they
are not present in the sequene proessed, while the hash table only has to iterate over the
present keys.
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N order Holes Simple array
proessing
le(ms)
Hash table
proessing
le(ms)
Simple array
retrieving
values(ms)
Hash table
retrieving
values(ms)
1 0 600 977 6 6
2 0 590 977 6 6
3 0 672 1154 7 7
4 0 756 1396 9 9
5 0 884 1599 21 21
6 0 950 2021 70 67
7 1 1039 2661 145 151
8 176 1136 2973 302 411
9 5617 1378 3466 940 985
10 150468 1764 4219 2969 2846
11 1997469 2039 5014 11835 8317
12 13298293 2240 5426 47566 15643
13 62938541 2497 5444 185741 19579
14 264003264 2817 5513 732498 22480
15 1069224203 3098 5806 3115171 24091
Table 2.4: Eoli bateria, time eieny omparison between simple array and hash table.
Calulating a priori the number of holes, in order to hoose what data struture to use is
impossible. The only way would be to iterate over the DNA le previously, and that would
be very time demanding. For that reason we alulate the total number of oligonuleotides
ourrenes using the le size and use it as an upper bound to hoose what data struture to
use. Whenever the total number of oligonuleotide present in the sequene is lower than the
universe of keys, holes will neessarily our, making us hoose the use of a hash table instead
of a simple array.
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Chapter 3
Data ompression
Proessing large genome les (several GBs of size) requires a large amount of time, several
hours or even days, depending on the size of the genome, the oligonuleotide order and the
speed and memory of the omputer used.
Comparing the time it takes to iterate over the les, identify the oligonuleotides and store
the number of ourrenes in memory (proessing le time) with the time to retrieve eah
unique oligonuleotide present and alulate symmetry and similarity measures (retrieving
values time), we an learly onlude for oligonuleotide orders below 15, that the proessing
time has a bigger impat on the overall time of evaluating symmetry, than the retrieving
time (table 3.1). One of the main auses for the high retrieving time values is that in order
to identify an oligonuleotide of order N, the power funtion has to be invoked N times.
Proessing one GB DNA sequene with oligonuleotide order of 10 would results in invoking
the power funtion 10737418231 times.
When looking at the equation to identify eah oligonuleotide (2.1) we an see that the
power funtion is always base 4, and when proessing a DNA sequene for oligonuleotide
order N , to identify eah oligonuleotide the exponent of the power funtion varies from 0 to
N − 1. This allows us to alulate and store at the start of the le proessing the values of
the power funtion with base 4 and with N from 0 to N − 1. Doing this, we only have to
exeute the power funtion N times for the whole analysis, and point to that value whenever
needed. Table 3.2 shows the time required to identify 224 oligonuleotides of order 30, using
the stardard java library power funtion, referening the values previously alulated, as well
as a spei power funtion of base 4 that we implemented using shifts.
As observed in table 3.2, the fastest method is to alulate previously the power funtions
and pointing to the values whenever needed. The base 4 funtion using shifts also performed
well, but not as fast. The java library power funtion performed poorly in omparison.
To minimize proessing times further, we deided to add a save and load funtionality to
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N order Proessing
le(ms)
Retrieving val-
ues(ms)
1 162423 6
2 175781 5
3 223014 5
4 279880 8
5 331428 20
6 384179 64
7 451659 219
8 499910 263
9 774981 759
10 1014128 2672
11 1143294 11342
12 1222768 46437
13 1389894 193157
14 1624510 793706
15 1768216 3274338
Table 3.1: Time eieny for simple array, proessing Homo sapiens omplete genome.
Java library power funtion (ms) 229976
Spei power funtion of base 4 using shifts (ms) 2038
Referening the power funtion previously alulated (ms) 1290
Table 3.2: Time eieny for dierent power funtion methods, alulated by identifying 224
oligonuleotides of order 30.
our tool, in order to save the information of our data struture, removing the proessing time
of future analyses of the same genome. This requires to save oligonuleotide ounts whenever
we use simple arrays or saving both oligonuleotide ounts and oligonuleotide identiers when
we are using hash tables. One problem is, the sheer size of the les reated in the proess
(table 3.3), leading us to enode the results, using fewer bits than the original representation
would use.
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N order Holes Simple array
unompressed
size
Hash table
unompressed
size
1 0 16B 48B
2 0 64B 192B
3 0 256B 768B
4 0 1KB 3KB
5 0 4KB 12KB
6 0 16KB 48KB
7 0 64KB 192KB
8 0 256KB 768KB
9 0 1MB 3MB
10 0 4MB 12MB
11 979 16MB 47.99MB
12 167126 64MB 190,09MB
13 4801682 256MB 713,05MB
14 65721695 1GB 2,32GB
15 527172585 4GB 6,25GB
Table 3.3: Homo sapiens omplete genome, unompressed size of the oligonuleotide informa-
tion store on simple array and hash tables.
3.1 Compression methods
Data ompression is the proess of enoding information using fewer bits than it would
originally require.
When we are speaking of ompression methods, we are atually referring to two dierent
proesses. The ompression proess and reonstrution, the rst takes an input x and repre-
sents it as y, requiring less bits, the seond proess takes the representation y and reonstruts
it as z (gure 3.1).
Based on the reonstrution requirements we an lassify ompression methods in two
types, lossless ompression when the reonstruted information z is equal to original informa-
tion x and lossy ompression when z and x are dierent. Lossy ompression methods ahieve
better ompression ratios at the prie of losing some information. When we are reovering
the information ompressed, the result is not exatly the original data stream. Suh methods
make sense espeially when ompressing images, video, or audio, if the loss of data is small, we
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Figure 3.1: Shemati representation of ompression and reonstrution.
may not be able to tell the dierene. In ontrast, text les or les ontaining omputer pro-
grams, may beome worthless if even one bit gets modied. Suh les should be ompressed
only with a lossless ompression method.
For our task we need to reover the exat same values that we ompressed, in order to
measure symmetry, so we will fous on exploring only lossless ompression methods.
3.2 Preditors
Reonstrution requirements may fore us to deide whether the ompression needs to be
lossy or lossless, but the exat ompression sheme that will be used depends on a number
of dierent fators. The harateristis of the data that needs to be ompressed are one of
the most important fators. A ompression tehnique that works well for the ompression of
video may not work well for ompressing sound. Eah appliation presents a dierent set of
hallenges.
The approah that works best for a partiular appliation will depend to a large extent on
the redundanies inherent in the data.
The development of ompression algorithms an be divided into two phases. The rst phase
is usually referred to as modelling or prediting. In this phase we try to extrat information
about any redundany that exist in the data and desribe the redundany in the form of a
model. The residual is often referred to as the dierene between the data and the model.
During the ompression phase the predition is done before the oding (gure 3.2). When
reovering the information, the deoding algorithm is run before the prediting is taken into
aount (gure 3.3).
We need to ompress the oligonuleotide ounts when using simple arrays and both oligonu-
leotide ounts and oligonuleotide identiers when using hash tables. As an example, we
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Figure 3.2: Blok diagram of the ompression phase with a preditor.
Figure 3.3: Blok diagram of the reonstrution phase with a preditor.
desribe the proessing of a DNA sequene for oligonuleotide order N = 2, with all oligonu-
leotides present, exept TA would result in the following identiers:
0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 15.
When looking at these identiers we an learly see a relation between then. Using the
preditor
residual = actual− previous + 1 (3.1)
would give us the following values:
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0.
These values require less bits than the original identiers. For oligonuleotides of higher
orders, residuals are not so small beause of the high number of holes but, even so, the number
of bits required to represent these residuals is lower than the original values.
Oligonuleotide ounts behave in the opposite manner. When the number of holes is high,
the number of those ounts is muh smaller than when there are no holes. Higher N order
oligonuleotides result in smaller ounts, per oligonuleotide. Let us assume the oligonuleotide
ounts of the previous DNA identiers are:
20, 7, 10, 16, 22, 8, 5, 4, 28, 31, 16, 8, 1, 16, 18.
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Prediting the oligonuleotide ounts is not as easy, but if we use the preditor
residual = round(mean− actual) (3.2)
results in the following values:
mean = 14; values = -6, 7, 4, -2, -8, 6, 9, 10, -14, -17, -2, 6, 13, -2, -4.
Other statisti models suh as median ould possibly result in better preditors, but we
an alulate the mean without having to iterate over the struture, using the total number of
oligonuleotides, possible oligonuleotide identiers and number of holes if needed. Calulating
other statistis would be less time eient, requiring us to iterate the struture. Improving
time eieny led us to data ompression and not the other way around.
The formula for alulating the mean of the oligonuleotide ounts when using simple
array data struture is dierent from that used with the hashtable, beause simple arrays
store all the possible oligonuleotide identiers ounts, while the hashtable only stores the
oligonuleotide ounts that were present in the proessed DNA sequene. When using simple
arrays, the mean of the oligonuleotide ounts an be alulated by:
mean =
total oligonucleotide count
possible oligonucleotide identifiers
(3.3)
When using hash tables, the mean of the oligonuleotide ounts an be alulated by:
mean =
total oligonucleotide count
possible oligonucleotide identifiers− number of holes
(3.4)
3.3 Lossless data ompression
3.3.1 Max value data ompression
Compression methods an be lassied as xed length oding or variable length oding.
Fixed length oding uses the same number of bits to represent all the dierent possible symbols.
Variable length oding uses a dierent number of bits to represent eah symbol, in order to
take advantage of using less bits to represent the symbols that have the highest probability to
our.
Max value data ompression is a very simple method of xed length oding that odes all
the values with the number of bits required to ompress the maximum value present in the
dataset.
When ompressing the oligonuleotide ounts, if the maximum dierene from the mean
of the values requires 16 bits to represent, this would give us a 0.5 ompression ratio (3.5)
beause we are using 32 bit integer variables to alloate the oligonuleotide ounts. In this
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work we use the following denition of ompression ratio:
compressed size
uncompressed size
(3.5)
3.3.2 Arithmeti data ompression
Arithmeti oding [10℄ is a variable-length data ompression tehnique that instead of
separating the input message into its omponent symbols and replae eah symbol with a
ode word, it enodes the entire message into a single number.
Arithmeti oding uses a table of probabilities. The single number to be enoded will
be a value inside the probability range [0,1). All probabilities fall into the range [0,1) while
their sum equals 1 in every ase. The [0,1) interval is partitioned aording to the probability
distribution of the symbols and then, after iterating this step for eah symbol in the message,
a value inside the nal interval is hosen for representing the message. To deode the message,
the enoder is applied bakwards.
There are two ways of applying the table of probabilities, whih is also known as nite-
ontext models: statially and dynamially. Stati methods requires previous knowledge and
storage of the probability information. With dynami methods, the statistial information is
adapted as the oding proesses.
Arithmeti oding is espeially useful when dealing with soures with small alphabets, and
alphabets with highly unequal probabilities. Beause of the small DNA alphabet, onsisting
of only 4 symbols (A, C, G, T ), arithmeti oding has been used [19℄. In our ase, we
are ompressing the oligonuleotide identiers and not the atual sequene. Transforming
these oligonuleotide identiers bak to oligonuleotide sequenes would defeat the purpose of
minimizing proessing times. It would also require to save two separate les when using hash
tables, one for the oligonuleotide identiers and one for the oligonuleotide ounts.
3.3.3 Ditionary data ompression
In many appliations, the input data onsists of reurring patterns. Ditionary ompres-
sion methods are based on onstruting a struture ontaining the patterns that appear most
frequently. Ditionary's an be stati or dynami (adaptive). Stati ditionary's are perma-
nent, sometimes permitting the addition but not deletions from the struture, while dynami
ditionary's store patterns previously enountered in the input stream, allowing both addi-
tions and removals. A stati ditionary is only appropriate when prior knowledge about the
soure is available. Dynami ditionaries start with an empty ditionary or very small (de-
fault) ditionary, and add patterns to it as they are found in the input stream. It an delete
old words to maintain the size of the ditionary under ontrol. This method onsists on a loop
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reading the input stream and then searh the ditionary to nd if the pattern is found. If it is
found, then it writes the index of it on the output stream. Otherwise, the pattern is added to
the ditionary. Examples of ditionary ompressors are LZ77 and LZ78 [25℄. Spei to our
task this method would require us to use more memory beause of the ditionary onstrution
neessity and would be time onsuming, looking up the values in the ditionary. Additionally
when enoding small numbers, the index itself ould possibly require more bits than the orig-
inal number. Some ditionary ompressors additionally use other odes in order to use lower
length ode words for values that appear with higher probability. This would result in even
more time.
3.3.4 Golomb oding
Solomon Wolf Golomb is an Amerian mathematiian and engineer, known for inventing
polyominoes, the inspiration for Tetris, as well as the Golomb oding [13℄.
The Golomb ode was designed to enode non negative numbers with the assumption that
the larger the number the less probability of its ourrene.
The Golomb ode for numbers n depends on the hoie of a parameter m. This parameter
divides the number ode in two parts, the q (quotient) and r (remainder). The st step to
onstrut the Golomb ode is to alulate the q, the r and  as
q = ⌊
n
m
⌋, r = n − qm, c = ⌈log(m)⌉. (3.6)
The quotient and the remainder are oded in dierent ways, q is odded in unary. Unary
oding represents a natural number n with n ones followed by a zero. As an example, number
5 is represented as 111110. Zeros and ones are interhangeable as 5 an also be represented as
000001 but Golomb oding uses the rst solution. The remainder is oded in trunated binary
enoding. The rst 2c −m values of r are oded as unsigned integers, with c − 1 bits eah,
and the rest are oded in c bits eah (ending with the biggest c-bit number, with onsists of
c ones). The ase when m is power of 2 (m = 2c) is speial beause it only requires log(m)
bits. This speial ase has been oneived by Robert F. Rie and is often alled Rie-Golomb
oding [21℄, requiring less omputation power as multipliations and divisions of 2 an be done
in a muh more eient way. The ase when m = 1 is also a speial ase, turning Golomb
oding in simple unary oding.
As an example of the trunated binary enoding, with m = 3 produes c = 2 and three
possible remainders 0, 1, and 2. Calulating 22 − 3 = 1, so the rst remainder is oded in
c−1 = 1 bit to beome 0, and the remaining two are oded in two bits 10 and 11 respetively.
An m of 5 results in c = 3, and ve remainders (0 to 4). The rst three are oded in 2 bits
30
Deember 2011 James Monteiro Aparíio
and the other two in 3 bits. Thus, 00, 01, 10, 110 and 111. Table 3.4 shows Golomb ode for
m = 2 for values up to 10.
n q r q ode r ode odeword
0 0 0 0 0 00
1 0 1 0 1 01
2 1 0 10 0 100
3 1 1 10 1 101
4 2 0 110 0 1100
5 2 1 110 1 1101
6 3 0 1110 0 11100
7 3 1 1110 1 11101
8 4 0 11110 0 111100
9 4 1 11110 1 111101
10 5 0 111110 0 1111100
Table 3.4: Golomb ode for m = 2 (adapted from [13℄).
Golomb oding is used in several lossless audio odes, suh as Sorten, Fla, Apple Lossless
and MPEG-4, as well as in lossless video odes suh as JPEG-LS. Rie-Golomb oding is a
very interesting solution to our task, speially to enode oligonuleotide identiers when the
number of holes is small, or to enode the oligonuleotide ourrenes when we are using high
N orders as the number of ourrenes for eah oligonuleotide identier is very small.
3.4 Solution adopted
After studying various ompression methods and with time eieny in mind, we have
hosen to implement the max size ompression method as well as Rie-Golomb oding. We are
expeting low oligonuleotides ounts for high oligonuleotide orders and high oligonuleotide
ounts for low oligonuleotide orders. As for oligonuleotide identiers, when we are using hash
tables, we expet values to be high beause when we use hash tables there are onsiderable
number of holes. For high values, we expet the max size ompression to be better than
Rie-Golomb oding, and Rie-Golomb oding better for low values. In order for the deoder
to be able to reonstrut the original values, the header le of the ompressed le ontains
(gure 3.4):
• Oligonuleotide order N .
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• The number of total oligonuleotide ount.
• Data struture type information, indiating what kind of data struture it is (simple
array or hash table).
• In the ase of simple array data struture, only the oligonuleotide ounts are stored,
so we store information identifying the ompression method used (max size ompression
or Rie-Golomb oding), as well as the ompression method properties (the m used for
the ase of Rie-Golomb oding, or the number of bits required to represent the biggest
number in the ase of max size ompression).
• In the ase of hash tables, we have to store both the oligonuleotide identiers, as well as
the oligonuleotide ounts. Beause of that, we store the ompression method identier
as well as the ompression method properties for both.
The sequene of enoded oligonuleotide identiers do not require the signal to be stored,
beause all enoded values are positive, but for the oligonuleotide ounts we need to store
signal information, beause of the mean preditor.
Table 3.5 shows ompression results for Eoli bateria genome when using simple array
are shown for oligonuleotide order of 1 to 11. As expeted, for low oligonuleotide orders
the max size ompression produes muh better results than Rie-Golomb oding. The only
oligonuleotide order where max size ompression, does not ompress the values is for 1. This
is beause of the size the le header. Rie-Golomb oding only starts to ompress values at
oligonuleotide order of 8. Results ould be better if we tested with higher m parameters, but
for low oligonuleotide orders we already expeted it to not perform well. The m used was 2.
Table 3.6 shows ompression results for Eoli bateria genome ologonuleotide ounts for
orders of 12 to 15. Hash table is used for these orders when proessing Eoli bateria genome.
These values show that Rie-Golomb performed better than max size value ompression. At
these oligonuleotide orders the number of bits required to enode values using max size om-
pression did not hange, while the Rie-Golomb oding ompression ratio dereased, showing
that the majority of values of the oligonuleotide ounts dereases for higher oligonuleotide
orders. It also indiates that there are some oligonuleotide ounts that stay high, resulting
in onstant max size data ompression rate.
Table 3.7 shows ompression results for Eoli bateria genome for ologonuleotide identi-
ers of 12 to 15. The hash table data struture is used for these orders when proessing Eoli
bateria genome. Analysing these values we an see that the higher the oligonuleotide order,
the worse the ompression results are. This happens beause the higher the oligonuleotide or-
der, the higher the number of holes is going to be, resulting in higher values. Comparing both
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Figure 3.4: Compressed le header.
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N Unompressed
size (bytes)
Max Size om-
pressed size
(bytes)
Golomb Com-
pression size
(bytes)
Max Size om-
pression ratio
Golomb om-
pression ratio
1 16 25 4598 1.56 287.38
2 64 53 17880 0.83 279.38
3 256 153 64653 0.60 252.55
4 1024 529 87677 0.52 85.622
5 4096 1937 110075 0.47 26.88
6 16384 7185 129649 0.43 7.913
7 65536 24583 152696 0.37 2.32
8 262144 90129 187568 0.34 0.72
9 1048576 327697 274503 0.31 0.26
10 4194304 1179665 577075 0.28 0.13
11 16777216 4194321 1679653 25 0.10
Table 3.5: Simple array data ompression results for Eoli bateria genome for oligonuleotide
orders 1 to 11.
N Unompressed
size (bytes)
Max Size om-
pressed size
(bytes)
Golomb Com-
pression size
(bytes)
Max Size om-
pression ratio
Golomb om-
pression ratio
12 13915692 3044058 1416695 0.219 0.101
13 16681292 3649033 1613280 0.219 0.097
14 17728768 3878168 1683278 0.219 0.095
15 18070484 3952918 1705390 0.219 0.094
Table 3.6: Hash table data ompression results for oligonuleotide ourrenes proessing Eoli
bateria genome for oligonuleotide orders 12 to 15.
ompression methods we learly see that max size ompression performs better as expeted.
Having analysed these results we an onlude that while using simple arrays, the best
solution is the max data ompression method. When using hash tables, the oligonuleotide
ounts should be enoded using Rie-Golomb enoding, while the oligonuleotide identiers
should be enoded using max data ompression.
34
Deember 2011 James Monteiro Aparíio
N Unompressed
size (bytes)
Max Size om-
pressed size
(bytes)
Golomb Com-
pression size
(bytes)
Max Size om-
pression ratio
Golomb om-
pression ratio
12 27831384 2174343 1614181 0.078 0.059
13 33362584 3649049 4853994 0.109 0.145
14 35457536 4986233 17471851 0.140 0.493
15 36140968 6211745 67814733 0.172 1.877
Table 3.7: Simple array data ompression results for oligonuleotide identiers proessing Eoli
bateria genome for oligonuleotide orders 12 to 15.
Table 3.8 shows time eieny when proessing Homo Sapiens omplete genome. Looking
at the results, we see that the time it takes to load the results is muh lower than proessing the
le. Results show the benet of saving the information of previous analysis, greatly minimizing
the runtime of future ones.
In this work we use the following denition of time eieny:
loading time
processing time
(3.7)
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N Proessing
time (ms)
Loading time
(ms)
Time eieny
1 134677 0 0.0
2 173897 0 0.0
3 222402 0 0.0
4 281246 1 3.5556062E-6
5 347564 1 2.8771677E-6
6 387374 6 0.000015488907
7 451796 16 0.000035414214
8 495688 29 0.000058504543
9 611985 45 0.000073531214
10 836334 76 0.000090872785
11 1034276 182 0.0001759685
12 1149269 566 0.000492487
13 1361182 2161 0.0015875907
14 1523071 8913 0.0058519924
15 1702033 36824 0.021635303
Table 3.8: Results for time eieny proessing Homo Sapiens omplete genome.
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Symmetry measures
In this hapter we will explore previously used mathematial methods to measure DNA
symmetry suh as skews, KullBak-Leibler divergene, Pearson's linear orrelation oeient
and L1 distane.
We also present a now approah based on equivalene tests, that we alled equivalent pairs.
4.1 Skew of mononuleotide frequenies
When measuring mononuleotide frequenies, the most ommonly used symmetry measure
is the skew of mononuleotide frequeies.
Given a DNA sequene, the skews of mononuleotide frequenies are given by [24℄:
ATskew =
fA − fT
fA + fT
(4.1)
GCskew =
fG − fC
fG + fC
(4.2)
where fX denotes the observed frequeny of the nuleotide X.
These values measure the frequeny dierene of two nuleotides and range between -1
and 1. Perfet symmetry ours when the skew equals 0.
With this symmetry measure we an only ompute values between two dierent mononu-
leotides, not a global symmetry measure. The AT and GC skews an be used to measure
inverted symmetry as well as omplement symmetry. Reverse symmetry annot be measured
beause the reverse of a mononuleotide is always itself.
Figure 4.1 shows an example of mononuleotide skew results for Saharomyes erevisiae
individual hromosomes.
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Figure 4.1: Single-stranded based omposition (%) Saharomyes erevisiae individual hro-
mosomes. The orresponding AT and GC skews. (from [4℄)
4.2 Relative abundane
The relative abundane is not by itself a symmetry measure. It omputes a ratio between
spei oligonuleotide frequeny and the frequeny of the nuleotide bases. The relative
abundane of a dinulotide an be measured by [22℄:
ρXY =
fXY
fXfY
(4.3)
where fXY denotes the observed frequeny of dinuleotide XY and fX denotes the observed
frequeny of nuleotide X.
When the relative abundane is higher than one it means that the given XY dinuleotide
is over-represented in a sequene. If it is lower than one then the XY dinuleotine is under-
represented.
By omparing oligonuleotide relative abundane with their onjugates, we an infer sym-
metry. For example when looking for reverse symmetry, if we alulate the relative abundane
of AT and TA and their values are equal, then we an onlude the existane of symmetry.
The loser the relative abundane values of the onjugates are, the more symmetry is present.
If the nuleotide onstituents of the oligonuleotide and its onjugate are dierent, then it is
not possible to evaluate symmetry with the relative abundane.
Figure 4.2 shows an example of relative abundane for 16 dierent dinuleotides.
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Figure 4.2: Relative abundane of 16 dinuleotides (from [22℄)
4.3 KullBak-Leibler divergene
The KullBak-Leibler divergene measures the dierene between two probability distribu-
tions. For probability distributions P and Q of disrete random variables, their KL divergene
is dened by [16℄:
KLD(P‖Q) =
∑
i=1
Pilog
(
Pi
Qi
)
(4.4)
It is the average of the logarithmi dierene between the probabilities P and Q, where
the average is taken using the probabilities P.
Both P and Q have to sum to 1. If 0 log(0) appears in the formula, it will be interpreted
as 0. The KL divergene is not symmetri whih means that if the position of P and Q
are swithed the result may not be the same, KLD(P,Q) is greater or equal to 0 for all
distributions P, Q and does not have a maximum value. When KLD(P,Q) equals 0, P is
equal to Q resulting in perfet symmetry.
4.4 L
1
distane
The L1 distane measures the sum of the absolute values of the dierenes between two
probability distributions. For probability distributions P and Q of a disrete random variable
their L1 distane is dened by [4℄:
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L1 = 1−
∑
i |Pi −Qi|∑
i |Pi|+ |Qi|
(4.5)
This value ranges from 0 to 1, where 0 means no symmetry and 1 means perfet symmetry.
Figure 4.3 shows L1 results for Saharomyes erevisiae individual hromosomes.
4.5 Pearson's linear orrelation oeient
Pearson's orrelation oeient measures the ovariane of the two variables divided by
the produt of their standard deviations whih may be written for the probability distributions
P and Q of length n, as [18℄:
SC =
n
∑
i PiQi −
∑
i Pi
∑
iQi√
n
∑
i P
2
i − (
∑
i Pi)
2
√
n
∑
iQ
2
i − (
∑
iQi)
2
(4.6)
The values of the Pearson's orrelation oeient range from -1 to 1 , but we have to
be areful analysing this value beause it is sensitive to the relative abundane (4.3) of the
oligonuleotides. For example, sequenes with widespread oligonuleotide distributions result
in higher SC values [4℄.
Figure 4.3 shows SC results for Saharomyes erevisiae individual hromosomes.
Figure 4.3: Single-stranded base omposition (%). The orresponding L1(S1) and SC sym-
metry levels for Saharomyes erevisiae individual hromosomes (from [4℄).
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4.6 Proportion of equivalent pairs
Traditional hypothesis testing aess dierenes between two proportions (pi1 and pi2):
H0 : pi1 − pi2 = 0 vs H1 : pi1 − pi2 6= 0 (4.7)
Equivalene tests aim to establish/rejet the equivalene between the proportions:
H0 : |pi1 − pi2| ≥ δ
′
vs H1 : |pi1 − pi2| ≤ δ
′
(4.8)
In pratie, we propose that the tolerane value (δ
′
) used in equivalene tests, depends
on the magnitude of the two proportions in omparison δ
′
= Pi+Qi
2
δ. Previous work[1℄ shows
that a signiane level δ of 0.05 is reasonable when proessing DNA sequenes.
For equivalene testing we ompare the ondene interval of the proportion dierene
with a neighbourhood entred at zero, Vδ′ (0). To the number of pairs for whih the interval[
Pi −Qi − 1.96
√
Pi(1− Pi) +Qi(1−Qi)
n
;Pi −Qi + 1.96
√
Pi(1− Pi) +Qi(1−Qi)
n
]
(4.9)
falls within the tolerane interval[
−
Pi +Qi
2
0.05;
Pi +Qi
2
0.05
]
(4.10)
we all equivalent pairs.
The proportion of equivalent pairs is:
equivalent pairs
n
(4.11)
The proportion of equivalent pairs ranges from 0 to 1. Where 0 means no symmetry and
1 means perfet symmetry.
4.7 Remarks
These symmetry measures are alulated after proessing the DNA sequenes. The oligonu-
leotide order distribution P ontains all oligonuleotide frequenies present on the data stru-
ture, and distribution Q varies depending on whih symmetry we are alulating (inverse,
reverse, omplement).
Half of the distributions values will be idential, whih an inrease or not the symmetry if
they are taken into aount. For example, when looking for dinuleotide inverted symmetry,
the dinuleotide frequenies of AA and TT will be taken into aount twie, omparing AA
with TT and TT with AA. In this ase, we deided to measure full distribution symmetry.
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Also, when the onjugate of an oligonuleotide is itself, symmetry measures are afeted if
suh frequenies are taken into aount. This happens beause eah symmetry type ontain
dierent number of onjugates that are equal to themselves. For example, the inverse of TA
is TA. The number of equal onjugates for the dierent types of symmetry is:
• Complement - 0.
• Reverse - 2N when the oligonuleotide N order is an even number and 2N+1 when N is
an odd number.
• Inverse - 0 when the oligonuleotide N order is an odd number and 2N when N is an
even number.
In these speial ases, we opted to not inlude them in our measures, as they ould inrease
symmetry levels if taken into aount.
In order to have a wide sope into DNA symmetry we deided to implement all four
measures. KullBak-Leibler divergene, L1 distane, Pearson's linear orrelation oeient
and our equivalent pair solution.
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Experimental results
In this hapter we present our experimental results obtained from analysing a seletion
of genomes. 48 omplete genomes sequenes were analysed for N oligonuleotide order up
to 15. The seleted genomes inlude arhaea, bateria, protozoa, fungi, insets, mammals,
nematodes, sh and plants. Also, the 24 Homo sapiens individual hromosomes were analysed.
These results an be found in appendix (A.2).
The seleted genomes an be fount at NCBI (ftp://ftp.nbi.nih.gov/ ), the full list fol-
lows: Aeropyrum pernix, Haloarula marismortu, Halobaterium salinarum R1, Methanoo-
us jannashii, Pyroous horikoshi, Thermoous kodakarensis, Baillus anthrais Ames,
Baillus subtilis, Chlamydia trahomatis, Clostridium botulinum, Desulfovibrio vulgaris, Es-
herihia oli, Haemophilus inuenzae, Heliobater pylori, Myoplasma genitalium, Pseu-
domonas aeruginosa, Pyroous furiosus, Staphyloous aureus, Streptoous mutans, Strep-
toous pneumoniae, Candida albians, Neurospora rassa, Apis mellifera, Drosophila melanogaster,
Bos taurus, Canis familiaris, Equus aballus, Homo sapiens, Mus musulus, Maaa mu-
latta, Monodelphis domestia, Ornithorhynhus anatinus, Pan troglodytes, Rattus norvegius,
Caenorhabditis elegans, Gallus gallus, Saharomyes erevisiae, Shizosaharomyes pombe,
Danio rerio, Fugu, Arabidopsis thaliana, Oryza sativa, Populus trihoarpa, Vitis vinifera, Di-
tyostelium disoideum, Leishmania infantum, Plasmodium faliparum, Trypanosoma bruei.
Additionally, the omplete Homo sapiens genome was analysed up to order 18 and its
individual hromossome 1 was analysed up to order 30.
We will ompare the results of the dierent kinds of symmetry, study the impat of very
high N oligonuleotide orders and genome size on DNA symmetry as well to try to nd
orrelation between genome types. Finally, the dierent measures will be evaluated in regard
to their eetiveness as symmetry measures. Plots presented were reated using jfreehart
pakage library for java, ibm spss as well as mirosoft oe.
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5.1 Types of symmetry
In order to visually assess DNA symmetry we have hosen to plot the frequenies of
the oligonuleotides and their onjugates. The loser the points are to y = x the more
symmetri the sequene is. When looking at the Homo sapiens omplete genome plot for
inverted symmetry (gure 5.1) we learly see that for N orders up to 9, all points are very
lose to y = x onrming symmetry. Analysing the plots for the reverse (gure 5.2) and
omplement (gure 5.3) onjugates we an visually onrm that reverse and omplement
symmetries and not present at any level.
Furthermore we an see that the reverse and omplement plots look very similar between
then, resulting in similar low levels of symmetry at the same oligonuleotide orders. This
may happen as a onsequene of inverted symmetry. When inverted symmetry is present
(i.e the frequeny of the oligonuleotides equals the frequeny of their inverse onjugates),
the frequeny of the reverse and omplement onjugates are equal between themselves. For
example, if fAC = fGT and fCA = fTG, then the ontribution, to the satter plots, of the
reverse pair (fAC , fCA) and that of the omplement pair (fAC , fTG) are the same. Previous
studies [15℄ have not shown this similarity between reverse and omplementary symmetry.
Most probably beause the oligonuleotides that are the same as their onjugates are taken
into aount. As we have seen before the number of these ourrenes depend on the type of
symmetry analysed. This number is 0 for omplement symmetry but for reverse this is not
the ase, as we seen before (hapter 4.7).
5.2 Large oligonuleotides
In order to determinate at with order does inverted symmetry stop for the human genome,
the omplete genome was analysed up to order 18. After verifying, that for order 18 symme-
try was not present, and beause of memory and time onstraints, we deided to proess only
the rst hromosome to orders up to 30 to better evaluate the symmetry measures. Looking
at (gure 5.4) we an see the behaviour of all four symmetry measurements, L1 distane,
KullBak-Leibler divergene, Pearson's linear orrelation as well as our own measure (propor-
tion of equivalent pairs). We an see that L1 distane and KullBak-Leibler behave in the
same manner, as both values tell us that around oligonuleotide order of 13, symmetry starts
to greatly derease. Pearson's linear orrelation on the other hand still reveals high symmetry
levels even at oligonuleotide order of 18. The Equivalent proportion is the most demanding,
as it tells us that symmetry starts to derease muh sooner (at olygonuleotide order of 7).
Looking at results for the individual hromossome number 1 (gure 5.5), we see a simi-
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Figure 5.1: Frequeny of oligonuleotides (y-axis) versus frequeny of their inverse (x-axis),
for Homo sapiens omplete genome, oligonuleotide order from 1 to 9.
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Figure 5.2: Frequeny of oligonuleotides (y-axis) versus frequeny of their reverse (x-axis),
for Homo sapiens omplete genome, oligonuleotide order from 1 to 9.
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Figure 5.3: Frequeny of oligonuleotides (y-axis) versus frequeny of their omplement (x-
axis) for Homo sapiens omplete genome, oligonuleotide order from 1 to 9.
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lar behaviour of the measurements, but the symmetry starts to derease sooner, at around
oligonuleotide order of 11 for L1 distane and KullBak-Leibler, and around oligonuleotide
order of 6 for the Equivalent pair proportion. Pearson's linear orrelation oeient ontinues
to give very high values, even at oligonuleotide order of 30. These results onrm the global
assumption that the bigger the DNA sequene, the higher the symmetry level is and that the
higher the oligonuleotide order, the lower the symmetry found.
Figure 5.4: Homo sapiens omplete genome symmetry measures for oligonuleotide order up
to 18.
5.3 Genome size impat on symmetry
Looking at gures 5.6, 5.7 and 5.8 we see several genome results and respetive symmetry
measurements. Measurements reet that the bigger the genome size is, the more symmetri
it is. Small genomes suh as Esherihia Coli result in weak symmetry levels at low oligonu-
leotide orders, while large genomes suh as the ase of Homo Sapiens or other mammals keep
high symmetry levels on higher oligonuleotide order.
Figure 5.9 and 5.10 show the whiskers boxplot and the interval plot for various genome
sizes. The measurements seem to indiate that higher genome sizes tend to show higher
degrees of symmetry.
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Figure 5.5: Homo sapiens hromosome 1 symmetry measures for oligonuleotide order up to
30.
Figure 5.6: Several genomes, KullBak-Leibler divergene measurements for oligonuleotide
order up to 15.
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Figure 5.7: Several genomes, Pearson's linear orrelation oeient measurements for oligonu-
leotide orders up to 15.
Figure 5.8: Several genomes, equivalent pair proportion orders up to 15.
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Figure 5.9: Whiskers boxplot for several genomes, equivalent pair proportion vs genome size
(total nuleotide ount).
Figure 5.10: Interval plot for several genomes, Equivalent pair proportion vs genome size
(total nuleotide ount). Condene interval of 95%.
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5.4 Genome orrelation
In order to try to nd a relation between dierent genome types (arhaea, bateria, arhaea,
fungi, insets, mammals, nematodes, sh and plants) we alulated the mean of the symmetry
measurements obtained from the genomes of similar organisms. The results were obtained
for oligonuleotide orders up to 15 their respetive symmetry results (gures 5.11,5.12,5.13)
were plotted. Unfortunately results were not onlusive, beause the organism types in whih
orrelation was found, orrespond exatly to the types that have similar genome sizes. As
we an see in gure 5.12, bateria, arhaea and fungi have similar levels of symmetry for the
same oligonuleotide orders, but they also have in ommon the small genome size. This only
furthermore onrms the impat of the genome size on symmetry but does not allow us to
make denitive onlusions in relation to the orrelations.
Figure 5.11: Equivalent proportion measurements for dierent genome types. Oligonuleotide
order up to 15.
5.5 Measures evaluation
After analysing all of our results, we an onlude that our method (equivalent pairs) is a
suitable symmetry measurement. Of all the methods implemented it is the most demanding
as well, it reveals lak of symmetry at lower orders than the other measures. Looking at L1
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Figure 5.12: KullBak-Leibler divergene measurements for dierent genome types. Oligonu-
leotide order up to 15.
Figure 5.13: Pearson's linear orrelation oeient measurements for dierent genome types.
Oligonuleotide order up to 15.
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Figure 5.14: Hole proportion for dierent genome types. Oligonuleotide order up to 15.
distane and KullBak-Leibler divergene we an also onlude that they are also good sym-
metry measures and both return similar results for the same oligonuleotide order. On the
other hand, Pearson's linear orrelation proved not to be a good symmetry measure. Even
at high oligonuleotide orders, results stay almost onstant ompared to low oligonuleotide
orders. It has been doumented before [4℄ that this orrelation is sensitive to outliers (over-
represented oligonuleotides). In gures 5.1, 5.2 and 5.3 we an see example of outliers for
the Homo sapiens genome. There are a ouple of points that are very far from the rest. Even
so, results so far, indiated that Pearson's orrelation oeient resulted in similar values as
L1 distane. This is beause higher oligonuleotide orders where not explored. As we an see
from gure 5.15 for the ase of the Homo Sapiens hromossome 1, at oligonuleotide orders
higher than 10 L1 distane and Pearson's orrelation oeient give very dierent results.
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Figure 5.15: Homo sapiens hromossome 1, L1 distane and Pearson's linear orrelation oef-
ient.
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Chapter 6
Conlusion and future work
In this dissertation we foused on measuring DNA symmetry. The main onstatations were
the orrelation between genome size and symmetry levels, as well as the orrelation between
oligonuleotide orders and symmetry levels. The bigger the genome size is, the higher the
symmetry level found. Also, the higher the oligonuleotide order, the lower the symmetry
found.
We onrmed that reverse and omplement symmetry are not present at any order, and
that inverse symmetry is present in all genomes analysed at least at some oligonuleotide
orders.
We found that for large genomes, symmetry is found past the oligonuleotide order of 10
previously doumented in the literature.
Unfortunately we ould not nd any relation between genome types and respetive sym-
metry, beause results oinided with the impat of genome size, furthermore onrming the
bigger the genome size, the higher the symmetry level found.
Symmetry measure wise we developed our own method (equivalent pairs) and onluded
that it is suitable for measuring symmetry. Also L1 distane and KullBak-Leibler divergene
were onrmed as suitable measures, while Pearson's linear orrelation is not very suitable as
a symmetry measure.
Possible future work inludes implementing a user friendly graphial interfae, as well as
proessing oding and non oding parts of DNA separately.
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Appendix A
Appendix
A.1 Implemented tool usage
Usage:
java -jar ReadingDNA.jar [OPTIONS1℄ FileFolderName Norder [OPTIONS2℄
OPTIONS1:
[-s FileName1℄
[-l FileName2℄
OPTIONS2:
[-r℄(Reversed symmetry)
[-℄(Complemented symmetry)
[-p℄(Create plot)
NOTES:
. FileName1 is the name of the le to save the ompressed results
. FileName2 is the name of the le to load the ompressed results
. FileFolderName is the name of the le or folder to proess
. If neither -r or - are hosen, by default inverted symmetry is alulated
. If OPTIONS1 is -s then FileFolderName argument isn't neessary
A.2 DNA sequene results
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N order Total oly Possible oly Holes L1 S Kl Equivalent pairs
1 1669696 4 0 0.9904449672275671 0.9882316008313337 2.887983777058321E-4 4
2 1669695 16 0 0.9893118204222927 0.9933719324695345 5.818526847955693E-4 12
3 1669694 64 0 0.9861232058089686 0.9943618402083675 9.528734643453228E-4 40
4 1669693 256 0 0.982954351488567 0.9949029039406069 0.0014206693617680774 71
5 1669692 1024 0 0.9763309640340854 0.9941370727288781 0.0024898070040726148 4
6 1669691 4096 0 0.9660691708825165 0.9912797765966631 0.005583723523345469 0
7 1669690 16384 0 0.9417125334642957 0.9820380823597412 0.017340155901552034 0
8 1669689 65536 137 0.8929028100442657 0.9553617562521795 0.1011461658058124 0
9 1669688 262144 20084 0.7973932854521324 0.8825589434005567 3.0292545431730575 0
10 1669687 1048576 401256 0.6287663496212164 0.7190439350445647 25.342302277923846 0
11 1669686 4194304 3072301 0.4012071730852388 0.4598770720127692 71.81039189079085 0
12 1669685 16777216 15340254 0.2021788540952335 0.22599767830463127 112.92316265125557 0
13 1669684 67108864 65528172 0.08589170166330873 0.09743748711521297 134.66879453187903 0
14 1669683 268435456 266800318 0.03435322752881831 0.04450680211201007 143.48611719982742 0
15 1669682 1073741824 1072087747 0.015038791817843178 0.025411606795818914 146.61303257268415 0
Table A.1: Aeropyrum pernix, omplete genome results for N oligonuleotide order 1 to 15.
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1 3131724 4 0 0.9994475886125341 0.9999878736951001 1.3544170891980712E-6 4
2 3131723 16 0 0.9987399907335355 0.9999630841953828 7.778821036974867E-6 16
3 3131722 64 0 0.9975661952114524 0.9999276529424234 2.9528365919661524E-5 64
4 3131721 256 0 0.9949673039201129 0.9998222118370328 1.2598534825570152E-4 192
5 3131720 1024 0 0.9899211934655716 0.999470013935842 5.084582148381395E-4 124
6 3131719 4096 0 0.9811129287142301 0.9985459093288344 0.001963630380004912 13
7 3131718 16384 0 0.9635490807282137 0.9960015966176328 0.007760206529430095 0
8 3131717 65536 164 0.9294118849180817 0.9883933906807888 0.05647831319025 0
9 3131716 262144 17363 0.86317533262914 0.9655301475944978 1.3267300115670249 0
10 3131715 1048576 331771 0.7434559019578729 0.9033235197978411 11.239640212224097 0
11 3131714 4194304 2718088 0.561896776014668 0.7551326545188028 40.11938851158076 0
12 3131713 16777216 14552133 0.35598440853296587 0.5014489401133503 81.12530409867394 0
13 3131712 67108864 64389088 0.18848093311262337 0.2534419078700521 115.00617244083863 0
14 3131711 268435456 265469852 0.08644188432457534 0.10424834782718764 134.3799038487688 0
15 3131710 1073741824 1070673848 0.03670263210833702 0.03993520402039508 143.13078397497574 0
Table A.2: Haloarula marismortu, omplete genome results for N oligonuleotide order 1 to 15.
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1 2668776 4 0 0.9982328977778577 0.9998741359137966 2.614327464431936E-5 4
2 2668771 16 0 0.9967539365498201 0.9998729742838341 5.330167558056474E-5 16
3 2668766 64 0 0.9948155814335164 0.999787599936451 1.1431078648887708E-4 60
4 2668761 256 0 0.9925403586158521 0.9996666035135615 2.70728981668999E-4 135
5 2668756 1024 0 0.9877126271566228 0.9993847431536405 7.798732098549989E-4 92
6 2668751 4096 0 0.9784311087845963 0.9985872672374384 0.002707605842769701 24
7 2668746 16384 0 0.9598905253628484 0.9966425009172685 0.010345149375638088 0
8 2668741 65536 683 0.9233844723036069 0.9910070462433751 0.14677950896401115 0
9 2668736 262144 36529 0.8534946881220173 0.9745445298894205 2.547403007533582 0
10 2668731 1048576 460938 0.735166639125487 0.9325766524459627 13.982418722626639 0
11 2668726 4194304 3073712 0.5701154783218659 0.8310722363106045 39.541435237346704 0
12 2668721 16777216 15115416 0.3915976979234622 0.6371432547690112 73.39073960088581 0
13 2668716 67108864 65042368 0.2396365892811374 0.41077079759147006 103.8977284089436 0
14 2668711 268435456 266128411 0.1352720470669173 0.23709454332181903 124.47871344111236 0
15 2668706 1073741824 1071312565 0.07428244250209648 0.14532129707100083 135.92554133878727 0
Table A.3: Halobaterium salinarum, omplete genome results for N oligonuleotide order 1 to 15.
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1 1739912 4 0 0.9967940907356234 0.9998463335942206 4.1643581201005686E-5 4
2 1739909 16 0 0.9962687703782209 0.9998396162385692 1.1084092152880252E-4 16
3 1739906 64 0 0.9941318668939586 0.9997733467758994 2.2318694452055866E-4 48
4 1739903 256 0 0.9912644555472345 0.9996322780841193 5.514629268689762E-4 93
5 1739900 1024 0 0.9855014656014713 0.9992480958557437 0.001603814611654995 64
6 1739897 4096 2 0.9744973409345495 0.9981486941460149 0.005037604889317804 9
7 1739894 16384 275 0.9536259105439757 0.9950916338550662 0.04043102788709918 0
8 1739891 65536 7242 0.9139020777738376 0.9860773639709908 0.4711417438823661 0
9 1739888 262144 82916 0.8417254443964209 0.9597023117519168 3.2537177006108857 0
10 1739885 1048576 604059 0.7209097152972754 0.8899078004125692 14.524528674068241 0
11 1739882 4194304 3348828 0.547680819733752 0.7337306784856887 42.352225953853974 0
12 1739879 16777216 15538316 0.3553597692713114 0.494076950764949 81.17770145474641 0
13 1739876 67108864 65608101 0.1966875800344392 0.271996018371263 113.49526932753125 0
14 1739873 268435456 266802705 0.0985433994320275 0.1403915743037103 132.153177746344 0
15 1739870 1073741824 1072053308 0.04987039261554027 0.08071026353795381 140.6992292503194 0
Table A.4: Methanoous jannashii, omplete genome results for N oligonuleotide order 1 to 15.
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1 1738505 4 0 0.9933845459173255 0.9955093250926719 2.0110216876156404E-4 4
2 1738504 16 0 0.9909646454652966 0.9971462904645912 3.7022596677069075E-4 16
3 1738503 64 0 0.987761309586466 0.9971317206249736 5.7823053767423E-4 46
4 1738502 256 0 0.985739446949155 0.996914813798101 8.851158237147562E-4 65
5 1738501 1024 0 0.980138636676079 0.9959175394754588 0.0017141815957393053 4
6 1738500 4096 0 0.9692838654012079 0.9925664058448512 0.004515515944491309 0
7 1738499 16384 4 0.94553520019281 0.9822415647727836 0.017090989511756898 0
8 1738498 65536 708 0.8982558507401216 0.9515196214419812 0.15936227541581957 0
9 1738497 262144 26863 0.8051748147969194 0.8650471726586295 2.8018717641959414 0
10 1738496 1048576 403468 0.6407187592033574 0.6721020940024806 22.274267394931332 0
11 1738495 4194304 3028417 0.41047572756896056 0.39846406889249153 69.4354210821322 0
12 1738494 16777216 15264487 0.19964636058565632 0.18229422629093517 113.82915740702916 0
13 1738493 67108864 65449098 0.07930201617147725 0.0771686920096679 136.07485772187133 0
14 1738492 268435456 266725453 0.03002717297519919 0.03644189385876597 144.2127964384632 0
15 1738491 1073741824 1072015755 0.013002080539962546 0.02071597005967017 146.87298614885722 0
Table A.5: Pyroous horikoshii, omplete genome results for N oligonuleotide order 1 to 15.
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1 2088749 4 0 0.9971633738663669 0.9882167635798067 2.8051443144579476E-5 4
2 2088748 16 0 0.9968780341142158 0.998661230609546 6.102436022800638E-5 16
3 2088747 64 0 0.9946288372885754 0.9989736034674522 1.217080184598198E-4 64
4 2088746 256 0 0.9920282312928427 0.9986587047617858 2.888206706063073E-4 137
5 2088745 1024 0 0.9866154078166555 0.997525682411649 8.548773172316873E-4 28
6 2088744 4096 0 0.9757093257957893 0.9943235554680705 0.0029318800552274554 0
7 2088743 16384 0 0.9526227017876302 0.984616284834147 0.01143978168712286 0
8 2088742 65536 31 0.9072800757585188 0.956208877909526 0.05434622562031839 0
9 2088741 262144 10456 0.818584017836582 0.8797820485210437 1.580016972800673 0
10 2088740 1048576 315446 0.6586257743903023 0.7107938539881367 19.522019584807122 0
11 2088739 4194304 2841109 0.43171885046432323 0.4554903899269669 65.3507709400435 0
12 2088738 16777216 14998130 0.22342342601130438 0.2306276921950191 109.14359341538255 0
13 2088737 67108864 65136163 0.09888463698397643 0.10866520624347543 132.64377444063632 0
14 2088736 268435456 266390742 0.04353829301548884 0.057408574707570645 142.10087589835948 0
15 2088735 1073741824 1071672429 0.02254091591322016 0.037341074908452156 145.47684350100693 0
Table A.6: Thermoous kodakarensis, 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1 5227293 4 0 0.9965456307882493 0.9997107307610354 4.327178570526295E-5 4
2 5227292 16 0 0.9957748677517919 0.9997336855283857 8.704106016590967E-5 16
3 5227291 64 0 0.9934721445582425 0.9996014461003521 1.6627447973691166E-4 64
4 5227290 256 0 0.9919017311073233 0.9994769669659175 2.9715052203962007E-4 184
5 5227289 1024 0 0.9882158801627383 0.9991478162797465 6.388364751788644E-4 244
6 5227288 4096 0 0.981986835238464 0.9984506737525767 0.0016598958162715948 53
7 5227287 16384 0 0.9681775651499526 0.9964155233118569 0.005710771157420807 2
8 5227286 65536 30 0.9401524997866962 0.990026179495708 0.02444596174551268 0
9 5227285 262144 6924 0.8859245286989326 0.9701432006576197 0.41023039643172304 0
10 5227284 1048576 203554 0.7854331235876987 0.9115558981290521 5.4356384213664555 0
11 5227283 4194304 2169815 0.619959546862108 0.7628918284578239 27.55370194270095 0
12 5227282 16777216 13363255 0.4071511734013967 0.5028017188204253 69.19839586801281 0
13 5227281 67108864 62702489 0.21460832122856988 0.2500439610125919 109.07998849074852 0
14 5227280 268435456 263545550 0.09430621661743777 0.10889636689045032 132.08789801689326 0
15 5227279 1073741824 1068667270 0.038364127876090004 0.0527778723133838 141.7428737385299 0
Table A.7: Baillus anthrais, omplete genome results for N oligonuleotide order 1 to 15.
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1 4214630 4 0 0.9978109584945772 0.9994239346743053 1.3836699632569807E-5 4
2 4214629 16 0 0.9975689437907821 0.9996915354180166 3.283066519699788E-5 16
3 4214628 64 0 0.9952270995210016 0.9996049270129831 8.747539530915498E-5 64
4 4214627 256 0 0.9933102027771378 0.9994171805511821 2.006299552250135E-4 208
5 4214626 1024 0 0.9892298865901743 0.9988662729970227 5.477444136730673E-4 194
6 4214625 4096 0 0.9810751846249667 0.9973012942823112 0.001809901691524341 9
7 4214624 16384 0 0.9641158974086419 0.9926004217296122 0.006649344898262882 0
8 4214623 65536 4 0.930972948232855 0.9780045822855681 0.026690702298926873 0
9 4214622 262144 2917 0.8665389209281402 0.9337572881115214 0.3411947563893245 0
10 4214621 1048576 156167 0.7456347794973736 0.8138128402862368 6.881469022829086 0
11 4214620 4194304 2104873 0.5456321091818479 0.5728321156967433 39.668058111915705 0
12 4214619 16777216 13559007 0.3096657135556026 0.2953320000874121 90.20592987151981 0
13 4214618 67108864 63284052 0.13516290207084014 0.12367738498766455 124.90127631066714 0
14 4214617 268435456 264378689 0.050368752368246006 0.05400608386514907 139.81962963862776 0
15 4214616 1073741824 1069609741 0.01873337926871632 0.030464863575677886 144.92072969758 0
Table A.8: Baillus subtilis, omplete genome results for N oligonuleotide order 1 to 15.
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1 1042519 4 0 0.998339598606836 0.9997004978951441 1.118387410400196E-5 4
2 1042518 16 0 0.9973141950546657 0.9997508574109336 3.203972494435038E-5 16
3 1042517 64 0 0.9943626818555477 0.9993542580889244 1.5114603420931263E-4 56
4 1042516 256 0 0.9904241277831707 0.9987609268128239 4.61443097009407E-4 55
5 1042515 1024 0 0.9821422233732848 0.9970883676939833 0.0016032296282589079 2
6 1042514 4096 0 0.9663381019343625 0.9918321780464182 0.005873836529473902 0
7 1042513 16384 0 0.9332392018133107 0.9750831192871047 0.023617465298467623 0
8 1042512 65536 562 0.8677396519176758 0.9233831825329898 0.3031440458452484 0
9 1042511 262144 34004 0.7437619363248925 0.7872590169811206 6.7573784780181745 0
10 1042510 1048576 510293 0.5366490489299862 0.5311543608362579 42.23577475245041 0
11 1042509 4194304 3376110 0.29394278610544367 0.2555418016891759 94.69139136050151 0
12 1042508 16777216 15816203 0.12179570804252826 0.09388964335677014 128.6404882152732 0
13 1042507 67108864 66095650 0.041678377219529494 0.03070060827579415 142.4744734958034 0
14 1042506 268435456 267405871 0.013006160156392332 0.009675663670203184 147.03469149368286 0
15 1042505 1073741824 1072707329 0.0038676073496050067 0.00296990474546759 148.43073764098298 0
Table A.9: Chlamydia trahomatis, omplete genome results for N oligonuleotide order 1 to 15.
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1 3903260 4 0 0.9887283962636361 0.9984604101509398 3.6772067804541835E-4 4
2 3903258 16 0 0.9884429878834553 0.9984489007219198 6.984339172816571E-4 14
3 3903256 64 0 0.9842516094255668 0.9981928807417899 0.0011027332454463215 44
4 3903254 256 0 0.9811854416853221 0.9979631855422391 0.0016152257323196499 82
5 3903252 1024 0 0.9764391333175516 0.997611490363901 0.002435934029486195 80
6 3903250 4096 0 0.9703477871004932 0.9971422131662896 0.0042313746498980065 29
7 3903248 16384 48 0.9579504043811717 0.9961133099547388 0.012892270848690645 6
8 3903246 65536 2799 0.9336831447467057 0.9933933476262607 0.13831116666043727 0
9 3903244 262144 48670 0.8847917270864952 0.985451759618724 1.3136196282719461 0
10 3903242 1048576 456447 0.7974314685074613 0.9627454817785942 7.139553199291549 0
11 3903240 4194304 2919997 0.6609965054672529 0.9012320557770348 24.388531545799836 0
12 3903238 16777216 14650179 0.48658959561266824 0.7598533937510471 54.97100511386428 0
13 3903236 67108864 64230569 0.311995995117897 0.5297283886438088 89.35129410288694 0
14 3903234 268435456 265058654 0.17542555737114407 0.29938238382965443 116.3997105148667 0
15 3903232 1073741824 1070099203 0.09016937758247523 0.1580468688886179 132.6287101973265 0
Table A.10: Clostridium botulinum, omplete genome results for N oligonuleotide order 1 to 15.
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1 3661391 4 0 0.9985024817070889 0.9999321209161522 6.484188698150766E-6 4
2 3661389 16 0 0.998193308605013 0.9998989013345736 2.311420539793475E-5 16
3 3661387 64 0 0.9963661311956371 0.9998212716940105 6.84845102145242E-5 64
4 3661385 256 0 0.9937261446146745 0.9996282829201882 2.0400438341745694E-4 184
5 3661383 1024 0 0.9889356016565325 0.9992114568774517 6.183363991326879E-4 178
6 3661381 4096 0 0.9808965524210673 0.998170871880864 0.0019971886310934414 10
7 3661379 16384 5 0.9651822441763063 0.9954575598954689 0.007934337565906018 0
8 3661377 65536 778 0.9344066453686687 0.9871995113474157 0.08724003938671519 0
9 3661375 262144 26651 0.8743605885766959 0.9620050445206146 1.1715882254367613 0
10 3661373 1048576 349332 0.766258450040463 0.8937721408586812 8.269999736315084 0
11 3661371 4194304 2653899 0.5960231836653538 0.7324840529209401 32.22747172634221 0
12 3661369 16777216 14293656 0.3874228464817395 0.47180794569087436 73.70631472411281 0
13 3661367 67108864 63975921 0.20344423271417478 0.23495799849668567 112.33413327305436 0
14 3661365 268435456 264995938 0.09040016496579828 0.10297696822188628 133.88454237401197 0
15 3661363 1073741824 1070184731 0.038435413260034634 0.04922061482087727 142.78612907760254 0
Table A.11: Desulfovibrio vulgaris, omplete genome results for N oligonuleotide order 1 to 15.
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1 4639675 4 0 0.999161794737778 0.9936847914266551 2.2578765528629547E-6 4
2 4639674 16 0 0.9980668900444298 0.9994935232871515 1.8906555363975173E-5 16
3 4639673 64 0 0.9964788466773413 0.9994431030121095 5.3677747222001757E-5 64
4 4639672 256 0 0.9946487596536997 0.9991937932266025 1.4569948601348155E-4 233
5 4639671 1024 0 0.9904952312351458 0.9985524826901533 4.3223885790498554E-4 282
6 4639670 4096 0 0.9826211777992832 0.9966490857124178 0.0014898292288835929 0
7 4639669 16384 1 0.9666801661928901 0.9912336974929288 0.00577045319200499 0
8 4639668 65536 176 0.9360378802966074 0.9750925692667044 0.030855734572379608 0
9 4639667 262144 5617 0.8753511836086512 0.9279010285209854 0.29926024554012026 0
10 4639666 1048576 150468 0.7608580014164813 0.8074051847835827 5.4340487585481805 0
11 4639665 4194304 1997469 0.5666611705802036 0.5839611672764892 35.469796867214335 0
12 4639664 16777216 13298293 0.3293018632383724 0.34189694488904626 86.84660197742494 0
13 4639663 67108864 62938541 0.14963328155514743 0.19032694717147483 122.98516663464349 0
14 4639662 268435456 264003264 0.06243515152612411 0.12216061217328313 138.28518591510127 0
15 4639661 1073741824 1069224203 0.030120735114052555 0.0931563648723278 143.4853314995053 0
Table A.12: Es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1 1830023 4 0 0.9963557835065461 0.9995271232137565 4.0333533406255114E-5 4
2 1830022 16 0 0.9959678080372805 0.999643608247859 8.006216009294775E-5 16
3 1830021 64 0 0.9936618213670773 0.9995849931737157 1.6551515852819223E-4 60
4 1830020 256 0 0.9917984502901608 0.9994023525333484 3.3786218213548836E-4 127
5 1830019 1024 0 0.9859067037008905 0.998791010111913 9.875109447393341E-4 44
6 1830018 4096 0 0.9746904128811847 0.9970026467898533 0.0033916997690324503 0
7 1830017 16384 12 0.951560559273493 0.9912005697421815 0.014397978582774668 0
8 1830016 65536 1077 0.9058631181366721 0.9737432813781214 0.17573481456962653 0
9 1830015 262144 33867 0.8196708770146692 0.9263723616480362 2.9186693069340435 0
10 1830014 1048576 442423 0.6703489700078797 0.814232471065549 19.721358446704784 0
11 1830013 4194304 3083246 0.46206666291441645 0.6107052736466104 59.43368161820964 0
12 1830012 16777216 15280705 0.2587212542868571 0.38195499407947764 102.51188182927962 0
13 1830011 67108864 65423708 0.1260560728869936 0.22394208995671536 128.18686590096814 0
14 1830010 268435456 266679228 0.06495210408686292 0.1437434796679517 138.7164353114016 0
15 1830009 1073741824 1071960397 0.04194405601283924 0.10665114556380303 142.4188779580965 0
Table A.13: Haemophilus inuenzae, omplete genome results for N oligonuleotide order 1 to 15.
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1 1667825 4 0 0.9913150360499453 0.9968385353637794 2.1778176371570654E-4 4
2 1667824 16 0 0.9904552278897534 0.9980413619133174 4.6415614474230833E-4 12
3 1667823 64 0 0.9879249776505061 0.9978171708428498 8.566035483578659E-4 50
4 1667822 256 0 0.9846404472419719 0.9976870719722948 0.001341962859520012 80
5 1667821 1024 0 0.9787345284655847 0.9972444863782457 0.0023687059383820518 24
6 1667820 4096 2 0.9677567123550503 0.9959233827728938 0.005761147576515556 9
7 1667819 16384 192 0.9458184611159844 0.9920194790960117 0.03402003715210895 0
8 1667818 65536 4290 0.9031848798849754 0.9808388513054596 0.3363406515867059 0
9 1667817 262144 58657 0.8216740805496047 0.9492448844692574 3.413961884147968 0
10 1667816 1048576 538038 0.6848345381025245 0.8654211578695782 18.8218378949124 0
11 1667815 4194304 3275984 0.49689803725233317 0.6837120168074035 52.37240871268567 0
12 1667814 16777216 15509148 0.30872027696133986 0.4277532143727841 90.94628936372527 0
13 1667813 67108864 65628847 0.1684133652873554 0.21747109729312877 119.28403890905687 0
14 1667812 268435456 266855923 0.08912335443083508 0.10826941071030896 134.23140048696868 0
15 1667811 1073741824 1072122187 0.052487961765451896 0.064129364178643 140.63269316759192 0
Table A.14: Heli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1 580076 4 0 0.9903047186920334 0.9978764406804925 3.101552386611061E-4 4
2 580075 16 0 0.9885566521570487 0.9980146244018896 6.564448213954027E-4 14
3 580074 64 0 0.9797232766853884 0.9971429365389813 0.0016289793137196154 12
4 580073 256 0 0.974220486042274 0.9959560428424044 0.003253581630718489 10
5 580072 1024 0 0.962877022162766 0.9941995437883543 0.006933964400253681 0
6 580071 4096 14 0.9442792347833282 0.9905194050457541 0.026182953982611543 0
7 580070 16384 851 0.9065147309807438 0.9807230507428708 0.2915835112519192 0
8 580069 65536 14196 0.8361143243303814 0.9530126319657017 2.6684560747631245 0
9 580068 262144 126707 0.7173296923808933 0.8794093174396036 13.632568169150076 0
10 580067 1048576 779814 0.5436044456933423 0.7135059784298358 41.696826976403855 0
11 580066 4194304 3789892 0.3449607458461623 0.44984943328729543 82.07096278943135 0
12 580065 16777216 16281022 0.17889374466654595 0.21194701575783104 116.65262530884286 0
13 580064 67108864 66568079 0.07742938710211289 0.08252574038510997 136.07524451293065 0
14 580063 268435456 267876985 0.029231307633825976 0.02992271724885458 144.40698627283317 0
15 580062 1073741824 1073176778 0.010057545572714655 0.010864596043172126 147.48935826614883 0
Table A.15: Myoplasma genitalium, omplete genome results for N oligonuleotide order 1 to 15.
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1 6264404 4 0 0.991501505969283 0.998518056510378 2.0852801516339211E-4 4
2 6264403 16 0 0.9909004896396353 0.9986249183583796 4.672575937778555E-4 16
3 6264402 64 0 0.9853623697840592 0.9984222205487662 8.79018562087924E-4 46
4 6264401 256 0 0.9825755088156074 0.998056430961034 0.0014014661073638375 99
5 6264400 1024 0 0.9778545431326224 0.9977093507447125 0.0021129914480761446 144
6 6264399 4096 0 0.9730931889874831 0.9971666964810718 0.003428285042409439 78
7 6264398 16384 0 0.9634135634421696 0.9960594291551214 0.0069619102714149235 12
8 6264397 65536 276 0.9442746045628972 0.9935415649847638 0.036284492659049414 0
9 6264396 262144 21387 0.9047668761681095 0.9865672533444223 0.6663180396205012 0
10 6264395 1048576 326432 0.8312207324091153 0.9683554712959311 4.6889579420434755 0
11 6264394 4194304 2536746 0.7104968174096329 0.918255364674384 17.74333002512336 0
12 6264393 16777216 13827364 0.5483790688100187 0.7979236513648378 43.36840448407536 0
13 6264392 67108864 62860550 0.371762175802536 0.5897959326547151 77.24494573159515 0
14 6264391 268435456 263226896 0.2200802919230297 0.3404055704669516 107.89661511066056 0
15 6264390 1073741824 1067974626 0.11482809978305952 0.1615690546694321 128.60620422662012 0
Table A.16: Pseudomonas aeruginosa, omplete genome results for N oligonuleotide order 1 to 15.
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1 1908256 4 0 0.9995881055791257 0.9999824585641273 1.0561481960331381E-6 4
2 1908255 16 0 0.9986699890737873 0.999941269389624 8.382618148705937E-6 16
3 1908254 64 0 0.9969417069216152 0.9998288452416673 4.211714737768137E-5 62
4 1908253 256 0 0.9937041891195769 0.9995009687216164 1.9986813656286417E-4 153
5 1908252 1024 0 0.9870006686747872 0.9984892085674628 8.333554724255644E-4 30
6 1908251 4096 0 0.9748675619716693 0.9955906804487865 0.0033419862887312615 0
7 1908250 16384 5 0.9512212760382549 0.98705328338288 0.014486003427482443 0
8 1908249 65536 777 0.9049741412153236 0.96075496083238 0.15897321885244725 0
9 1908248 262144 26983 0.8157493156025841 0.8851199806520874 2.5172093573175474 0
10 1908247 1048576 393714 0.6586238573937231 0.7139738967605394 19.610758981613586 0
11 1908246 4194304 2976230 0.43458547797296576 0.4617418156268787 64.15029121678653 0
12 1908245 16777216 15162064 0.22148675877573376 0.25312816096308005 109.35889069810334 0
13 1908244 67108864 65317621 0.09369661322137002 0.14684511768244207 133.25669088662895 0
14 1908243 268435456 266582306 0.03986389574074156 0.10170839709570216 142.27415814485752 0
15 1908242 1073741824 1071868431 0.02068919979750994 0.08183396108771063 145.3015093804829 0
Table A.17: Pyroous furiosus, omplete genome results for N oligonuleotide order 1 to 15.
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1 2813862 4 0 0.9976544691957175 0.9998326238967088 4.34087487788978E-5 4
2 2813860 16 0 0.9958277952705537 0.999758596576658 1.0903532029620053E-4 16
3 2813858 64 0 0.9926542135388495 0.999574299416066 2.324492898140746E-4 56
4 2813856 256 0 0.9902347525957262 0.9993677239955902 4.457360460438974E-4 119
5 2813854 1024 0 0.9856680552722351 0.9989644864183236 9.934614892493164E-4 80
6 2813852 4096 0 0.9766316778565468 0.9979019516031594 0.0028961911541932664 16
7 2813850 16384 2 0.9589814666737744 0.9950162174936944 0.01007731776307634 0
8 2813848 65536 797 0.9241426686871501 0.986281450827879 0.10772732054330528 0
9 2813846 262144 29444 0.8559715066140791 0.9593690995590278 1.6828146973752922 0
10 2813844 1048576 389870 0.7354601036873402 0.8851628094223768 11.823224628240755 0
11 2813842 4194304 2849198 0.5537205002981689 0.7124250653828352 40.96215649927552 0
12 2813840 16777216 14753569 0.34626098143462314 0.44961675916174426 83.10908353464261 0
13 2813838 67108864 64653361 0.17936640275666194 0.23104164639795416 117.30822123668234 0
14 2813836 268435456 265783231 0.08314023987183328 0.1197679671395349 135.29279645974313 0
15 2813834 1073741824 1071016349 0.04080695591850836 0.07622512915201868 142.47057013610743 0
Table A.18: Staphyloous aureus, 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1 2030921 4 0 0.9949978359571839 0.9992795075220364 7.761314058917908E-5 4
2 2030920 16 0 0.9943316329545231 0.9993278465542141 1.6801731300384142E-4 16
3 2030919 64 0 0.9917392077182793 0.9990645975760012 3.382629546585828E-4 58
4 2030918 256 0 0.9885155382935205 0.9987487482698395 5.92544835955388E-4 90
5 2030917 1024 0 0.9833045860564464 0.9981000559307539 0.0012605761057521742 42
6 2030916 4096 0 0.9730643709537962 0.9962803557411681 0.003597411962480166 0
7 2030915 16384 0 0.9515454856554804 0.9910194096379222 0.01240157991691608 0
8 2030914 65536 417 0.9093137375585574 0.9751367569057182 0.11595271726554271 0
9 2030913 262144 26027 0.8255321621359457 0.9264853387708629 2.4473541643964745 0
10 2030912 1048576 404415 0.6782814814231242 0.799624577091774 18.37220102994894 0
11 2030911 4194304 2990782 0.46772507510176464 0.5579424301710008 57.539144823236214 0
12 2030910 16777216 15131943 0.2592566878886804 0.296442708226934 101.2974577435672 0
13 2030909 67108864 65239790 0.11975130348036278 0.14066150572810998 128.48245566075056 0
14 2030908 268435456 266480177 0.05346180132236422 0.0770881046885005 140.04990346266467 0
15 2030907 1073741824 1071757724 0.02855177514283025 0.055327597068715824 144.04999096241164 0
Table A.19: Streptoous mutans, omplete genome results for N oligonu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1 2221315 4 0 0.9975865647150449 0.9997162857974253 2.097434045774643E-5 4
2 2221314 16 0 0.9958920710894542 0.9994686471595192 8.974996022465917E-5 16
3 2221313 64 0 0.9929118498833798 0.9992041471804838 2.2519241077935458E-4 58
4 2221312 256 0 0.9890852793304138 0.9985888326116023 6.006661794232606E-4 114
5 2221311 1024 0 0.9825539962661689 0.9970474855479906 0.001823412307100714 44
6 2221310 4096 0 0.9713241285547717 0.9934492439838425 0.005128488475366213 0
7 2221309 16384 0 0.9486235368424654 0.9831994319798478 0.01625839636015805 0
8 2221308 65536 391 0.9059000372753351 0.9543789676988104 0.10104805614315214 0
9 2221307 262144 18807 0.8216414930489122 0.8791267558729262 1.805223488494659 0
10 2221306 1048576 343650 0.6715418767157699 0.7152720838615902 17.036827222413315 0
11 2221305 4194304 2846941 0.45428430584723845 0.49065814592524554 59.44044779605143 0
12 2221304 16777216 14960497 0.24430064502652493 0.31546838809052075 104.02483715964703 0
13 2221303 67108864 65078889 0.11599047946182939 0.22497728173195738 128.36450985946487 0
14 2221302 268435456 266329475 0.06046859004313687 0.18492088821874658 137.7662183080229 0
15 2221301 1073741824 1071610432 0.04084723322053152 0.16557163683345227 140.89696120235257 0
Table A.20: Streptoous pneumoniae, 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1 949626 4 0 0.9967144960226447 0.9997755900124569 3.1180508116367E-5 4
2 949625 16 0 0.9955645649598526 0.9996497203743084 9.215851127576698E-5 16
3 949624 64 0 0.9926223431589766 0.9994761295388405 2.2198175388779762E-4 48
4 949623 256 0 0.9894326485352608 0.9992157879552837 5.404493131086606E-4 35
5 949622 1024 0 0.9812009410060003 0.9983783638024313 0.0017354493262728577 6
6 949621 4096 0 0.9655462547690078 0.9959375201542778 0.006382804181886499 0
7 949620 16384 45 0.9348307744150292 0.9890136083382328 0.04528338081682246 0
8 949619 65536 3767 0.8753120988522766 0.9700924084565002 0.8487172077714453 0
9 949618 262144 72322 0.7641072515474643 0.9229849943285295 8.275467388143607 0
10 949617 1048576 631644 0.5888774105771064 0.8236042077475467 34.49545136388268 0
11 949616 4194304 3537900 0.37946917490859466 0.6611757528680389 76.41688136604759 0
12 949615 16777216 15962553 0.20538218119974938 0.4751948998421617 112.32512637661114 0
13 949614 67108864 66220209 0.10265855389663592 0.31977853637317266 131.75822326146368 0
14 949613 268435456 267517172 0.05497607972932128 0.21429933879956273 140.01037729443476 0
15 949612 1073741824 1072811872 0.0350416801809581 0.14595216822862198 143.2935670100155 0
Table A.21: Candida albians, omplete genome results for N oligonuleotide order 1 to 15.
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1 38047924 4 0 0.9995165045010077 0.897823620621571 1.013066596931652E-6 4
2 38047100 16 0 0.9993783757500572 0.9997392761407228 2.3825495882062084E-6 16
3 38046275 64 0 0.9987931275795068 0.9997724570437846 5.689543966932842E-6 64
4 38045450 256 0 0.9982857871309184 0.9997652525876801 1.4198527581163293E-5 256
5 38044627 1024 0 0.9967489495954317 0.9995648191612441 4.798789484897236E-5 1024
6 38043804 4096 0 0.9940042010520294 0.999072511063084 1.6893093384801744E-4 3160
7 38042982 16384 0 0.9882902975376641 0.997889191758642 6.440072700523661E-4 484
8 38042159 65536 0 0.9769887403078253 0.9948870074790318 0.0025536104726960056 14
9 38041336 262144 0 0.9544035467103469 0.9881899811129488 0.010121100197988524 2
10 38040511 1048576 6 0.9100043635060528 0.976010798224927 0.041064537729834406 2
11 38039687 4194304 38980 0.8229558250571305 0.9577857130325643 0.6626849686723125 2
12 38038864 16777216 3427164 0.660532764595704 0.9363237088047023 17.405467318720365 2
13 38038042 67108864 41759894 0.41822178964942514 0.9142699325399566 69.40442961652752 2
14 38037220 268435456 235829289 0.20463814127320556 0.8917206266681069 113.16162560048036 2
15 38036398 1073741824 1038168288 0.0928696770919265 0.8681828082911317 133.11177233355346 0
Table A.22: Neurospora rassa, omplete genome results for N oligonuleotide order 1 to 15.
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1 231027417 4 0 0.9995031542078835 0.9999937415530492 1.6373639986924003E-6 4
2 231027400 16 0 0.9992182528998724 0.9999943446838481 3.614091507579643E-6 16
3 231027383 64 0 0.9988615765084435 0.9999942588077917 5.737462131545716E-6 64
4 231027366 256 0 0.9986591285467021 0.9999933239192526 8.852127860787978E-6 256
5 231027349 1024 0 0.9980535767650608 0.9999903782558304 1.7368798953200707E-5 1024
6 231027332 4096 0 0.9970288277406069 0.9999821995113923 4.6124034570082224E-5 4016
7 231027315 16384 0 0.9948760041642695 0.9999637304319334 1.531189881092605E-4 9492
8 231027298 65536 0 0.9906828802542633 0.9999184257119983 5.573064851521707E-4 8537
9 231027281 262144 0 0.9824282873328714 0.9998135187101063 0.002102026726602998 4822
10 231027264 1048576 0 0.9667298055349866 0.9996037213955359 0.007911540486701448 2033
11 231027247 4194304 8469 0.9364346794990809 0.9992464294474778 0.048224144664767814 1236
12 231027230 16777216 1145385 0.8788923842440565 0.9987290933707477 1.2583122496978507 296
13 231027213 67108864 22973502 0.7765802723854873 0.998080748806917 10.644126979748455 132
14 231027196 268435456 182074571 0.6274407494431955 0.9973163097797467 33.86075435699718 82
15 231027179 1073741824 945564276 0.46445215002170803 0.9964398307562391 63.260998720719606 60
Table A.23: Apis mellifera, omplete genome results for N oligonuleotide order 1 to 15.
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1 127486206 4 0 0.999792918772718 0.9999959706207288 1.2932357856135322E-7 4
2 127486129 16 0 0.9997184634886828 0.9999962029668423 3.888622036446186E-7 16
3 127486052 64 0 0.9993976125325459 0.9999928694050713 1.5789274498530528E-6 64
4 127485975 256 0 0.9988710287543394 0.9999800618905736 6.322409932794663E-6 256
5 127485898 1024 0 0.9979426587244967 0.99995501082963 2.2057847214558456E-5 1024
6 127485821 4096 0 0.9963079109793708 0.9998908054074234 7.578498323955266E-5 4024
7 127485744 16384 0 0.9930597102684674 0.9997137118669932 2.709622574831945E-4 8610
8 127485667 65536 0 0.9867627315312238 0.9992407735252086 0.0010051786615203754 2649
9 127485590 262144 0 0.9742605419169336 0.9979840906022217 0.003747531521874544 362
10 127485513 1048576 0 0.9501957606743913 0.9949524450676315 0.014102870425750924 60
11 127485436 4194304 3230 0.9036333060036756 0.9883809597121085 0.06937488199225342 8
12 127485359 16777216 886701 0.8151168715773864 0.9760082948739133 2.150640725000231 6
13 127485282 67108864 23200293 0.6587269893633683 0.9558110821129785 22.035403043898235 4
14 127485205 268435456 191655240 0.4481081471375443 0.9265101713039868 64.29590481560717 4
15 127485128 1073741824 974937551 0.26542368141953 0.8877858166686977 100.96362686156921 4
Table A.24: Drosophila melanogaster, omplete genome results for N oligonuleotide order 1 to 15.
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1 2466956460 4 0 0.9992052336424292 0.9999394204984507 2.0989342354541466E-6 4
2 2466956430 16 0 0.9991111444153069 0.9999640667991094 4.1515158915842335E-6 16
3 2466956400 64 0 0.9988175786163063 0.9999690790675032 6.352346410991031E-6 64
4 2466956370 256 0 0.9986224085511493 0.9999705571444946 8.764048743308E-6 256
5 2466956340 1024 0 0.9984038225824459 0.9999705683377873 1.1537742779403444E-5 1024
6 2466956310 4096 0 0.998131562775832 0.9999693547722385 1.594976051421794E-5 4092
7 2466956280 16384 0 0.9976415552852845 0.999964992210905 2.736980892257685E-5 15942
8 2466956250 65536 0 0.9965791355237856 0.9999532622230635 6.64616296297994E-5 50711
9 2466956220 262144 0 0.9943211639159125 0.9999277796964797 2.105122932884605E-4 125380
10 2466956190 1048576 0 0.9897810799793733 0.9998874064061525 7.521298292529183E-4 94938
11 2466956160 4194304 843 0.9808823177465789 0.9998396683634909 0.002969291319677912 27372
12 2466956130 16777216 162015 0.9636897235785056 0.9997897683386373 0.027396134356592147 16745
13 2466956100 67108864 4955837 0.9307904717072184 0.9997396677301307 0.3418841487107447 14552
14 2466956070 268435456 69380851 0.8698238351686578 0.9996886799525687 2.643729637119704 13549
15 2466956040 1073741824 553034323 0.7660147839521292 0.9996341495196697 11.674945743510245 12980
Table A.25: Bos taurus, omplete genome results for N oligonuleotide order 1 to 15.
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1 2309875278 4 0 0.9997974773770447 0.999996157809793 1.5334935525791478E-7 4
2 2309875239 16 0 0.9997422068560474 0.9999974762638534 2.8540864521826347E-7 16
3 2309875200 64 0 0.9996990616635911 0.999997661411679 4.4530442203779E-7 64
4 2309875161 256 0 0.9996046318799304 0.9999973781287766 7.798648814934986E-7 256
5 2309875122 1024 0 0.9994475865868908 0.999996683859761 1.5177835567443026E-6 1024
6 2309875083 4096 0 0.9991268623074714 0.9999947416202218 3.873744301710922E-6 4096
7 2309875044 16384 0 0.9984876385373858 0.9999898640749422 1.2441811333200383E-5 16070
8 2309875005 65536 0 0.9972062150609747 0.9999786034445141 4.5402212777384616E-5 51151
9 2309874966 262144 0 0.9946816125630932 0.9999573043372154 1.7335995175683956E-4 128658
10 2309874927 1048576 0 0.9897626656215919 0.9999235690021896 6.788812539803044E-4 90860
11 2309874888 4194304 472 0.9801872515962865 0.9998792222987728 0.0028046680331142663 19776
12 2309874848 16777216 120750 0.9616833158399758 0.999826643056101 0.025425958336724275 8434
13 2309874809 67108864 4312343 0.9260025736745459 0.9997651598937968 0.3400285035054528 5962
14 2309874770 268435456 65014719 0.8592017038222379 0.9996919015630809 2.818682026734249 4945
15 2309874731 1073741824 534169161 0.7438189582065262 0.9996043994436747 12.521587059641304 4316
Table A.26: Canis familiaris, omplete genome results for N oligonuleotide order 1 to 15.
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1 2335454483 4 0 0.9997218669836093 0.9999947605827264 2.2333594949330305E-7 4
2 2335454451 16 0 0.9996829880370037 0.9999960693630487 4.819812387113075E-7 16
3 2335454419 64 0 0.9995895192848977 0.9999963221884891 7.709511043802197E-7 64
4 2335454387 256 0 0.9994899258120257 0.9999961290309034 1.1935202108107767E-6 256
5 2335454355 1024 0 0.9993335913430857 0.9999953691177975 2.0336272194570586E-6 1024
6 2335454323 4096 0 0.9990435347084285 0.9999926559738093 4.49642955356383E-6 4096
7 2335454291 16384 0 0.998405504653056 0.999985534421487 1.3135939846837636E-5 16172
8 2335454259 65536 0 0.9971504592845892 0.9999657392890334 4.5299405220132386E-5 54182
9 2335454227 262144 0 0.9945898305974378 0.9999092482138143 1.7076620043637075E-4 131614
10 2335454195 1048576 0 0.9895867296168487 0.9997635952308795 6.665650070050442E-4 99825
11 2335454163 4194304 245 0.9797653939226552 0.9994400623554867 0.0027112069376402604 18542
12 2335454131 16777216 76778 0.9606667787730574 0.9988655924505822 0.02061123032558792 5301
13 2335454099 67108864 3368226 0.9237715958210317 0.9980544313996045 0.28681074144087193 3056
14 2335454067 268435456 55840802 0.854312877393876 0.9970708662036708 2.6620973947159245 2276
15 2335454035 1073741824 503802794 0.733514307850636 0.9959763338853489 13.245520392205773 1796
Table A.27: Equus aballus, omplete genome results for N oligonuleotide order 1 to 15.
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1 2870607502 4 0 0.9994600898942401 0.9999769899134303 9.60279956629913E-7 4
2 2870607478 16 0 0.9994023097852461 0.9999844801856764 1.8236249509101997E-6 16
3 2870607454 64 0 0.9992228606537994 0.9999862174846489 2.7522106628680826E-6 64
4 2870607430 256 0 0.9990708753930871 0.9999860555366059 3.899617318160077E-6 256
5 2870607406 1024 0 0.9988853014197233 0.9999851780988541 5.55886195429443E-6 1024
6 2870607382 4096 0 0.9986125702786895 0.9999830020926509 9.072841840359257E-6 4094
7 2870607358 16384 0 0.9980637351937004 0.9999778133939385 1.94026243725485E-5 15976
8 2870607334 65536 0 0.9969895140663638 0.9999664791276693 5.3243721382887844E-5 52114
9 2870607310 262144 0 0.994779575754651 0.9999466347703247 1.7718906176448902E-4 136718
10 2870607286 1048576 0 0.9904267483281236 0.9999189820612984 6.427783511111519E-4 134194
11 2870607262 4194304 979 0.9819811826282491 0.9998868220314195 0.0025767159905912868 36148
12 2870607238 16777216 167126 0.9657469479981852 0.9998510044725942 0.023864649920525654 16900
13 2870607214 67108864 4801682 0.9347942696280007 0.9998091994143211 0.2702850977845962 12802
14 2870607190 268435456 65721695 0.877325748633689 0.9997585213899126 2.1700965549552302 11349
15 2870607166 1073741824 527172585 0.7781341921167628 0.9996959554419126 9.485419708235383 10244
Table A.28: Homo sapiens, omplete genome results for N oligonuleotide order 1 to 15.
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1 2617133082 4 0 0.9996618200250926 0.9999883276129492 4.05298452151317E-7 4
2 2617133061 16 0 0.9995950320540465 0.9999931001124631 7.975099233791554E-7 16
3 2617133040 64 0 0.9994750370046148 0.9999939610896901 1.1996871302654513E-6 64
4 2617133019 256 0 0.9993964361044959 0.9999939939367889 1.7354486748076928E-6 256
5 2617132998 1024 0 0.9992172266363362 0.999993304696564 2.669672261037786E-6 1024
6 2617132977 4096 0 0.9989494695056911 0.9999909225171774 5.2881150454378E-6 4090
7 2617132956 16384 0 0.9983525498809239 0.99998484408565 1.4150117194119353E-5 15932
8 2617132935 65536 0 0.9971190725930779 0.9999718288352973 4.7044126530524474E-5 50875
9 2617132913 262144 0 0.9946386945308344 0.9999499599865747 1.7467485761141622E-4 134416
10 2617132892 1048576 1 0.9898410645935208 0.9999236267835026 6.726803139351897E-4 115262
11 2617132871 4194304 1481 0.9806322087954853 0.9998987701360654 0.00284679210880223 28176
12 2617132850 16777216 193368 0.9630770715365099 0.9998763742526109 0.028204097606792773 16785
13 2617132829 67108864 5175726 0.9297968429557306 0.9998563701159381 0.3104934008107785 14188
14 2617132808 268435456 68112990 0.8684692022706094 0.9998366660152772 2.435000011399865 12890
15 2617132787 1073741824 536384356 0.7635794255173189 0.9998169022903823 10.53352077127197 12038
Table A.29: M musulus, omplete genome results for N oligonuleotide order 1 to 15.
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1 2725181837 4 0 0.9997916729840586 0.999996939827133 1.3299244824002578E-7 4
2 2725181816 16 0 0.9997677413681965 0.9999977255583663 2.6275686425946404E-7 16
3 2725181795 64 0 0.9996858451786333 0.9999976022471317 5.23982469224268E-7 64
4 2725181774 256 0 0.9995228901747382 0.9999965696428046 1.1806553595240116E-6 256
5 2725181753 1024 0 0.9991890548226491 0.9999936171485589 3.327491677178407E-6 1024
6 2725181732 4096 0 0.9987309283049312 0.9999864079213738 9.794041894971152E-6 4096
7 2725181711 16384 0 0.998013341650523 0.999970731396838 3.0139406156919902E-5 15964
8 2725181690 65536 0 0.9967242723548462 0.9999422614632844 9.289152195536131E-5 51499
9 2725181669 262144 0 0.9943085243907092 0.9999020066922998 2.8111181715428105E-4 133454
10 2725181648 1048576 0 0.9897451301932443 0.9998589357250509 8.507823276855586E-4 119998
11 2725181627 4194304 908 0.980997048972105 0.9998189592691157 0.0029202956929848625 29602
12 2725181606 16777216 155910 0.9642496038482362 0.9997803313865362 0.024611182804885837 12220
13 2725181585 67108864 4653759 0.9322203151464492 0.9997389932231178 0.28257176489627733 8880
14 2725181564 268435456 64729101 0.8725020488212872 0.9996899477117211 2.307956692767757 7731
15 2725181543 1073741824 526098599 0.7691490658242727 0.9996295327791973 10.278030899391615 6952
Table A.30: Maa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1 3412593428 4 0 0.9998745177211893 0.03698370404918901 5.027681779776772E-8 4
2 3412593419 16 0 0.999832914171133 0.09426879170661247 1.0342088255299583E-7 16
3 3412593410 64 0 0.9997909097527091 0.1562017132846937 2.019278700516451E-7 64
4 3412593401 256 0 0.9997165355240631 0.21766865777204833 3.9675584669318697E-7 256
5 3412593392 1024 0 0.9995805729439213 0.28174822918799136 8.835763940596765E-7 1024
6 3412593383 4096 0 0.9993340024008363 0.34767973144128556 2.4100368554337607E-6 4092
7 3412593374 16384 0 0.9988141968419587 0.41956576314807953 8.207740925135233E-6 15696
8 3412593365 65536 0 0.9978153175012107 0.5008823318231559 3.061124731998886E-5 47001
9 3412593356 262144 0 0.9958471559539659 0.6027133107778588 1.1891444282433878E-4 140322
10 3412593347 1048576 1 0.9920573955804527 0.7286533475791662 4.686318252000874E-4 189154
11 3412593338 4194304 4006 0.9847775726977054 0.8561469868779267 0.0023341928599566394 72328
12 3412593329 16777216 374998 0.9708762661066551 0.941749358981254 0.028846182387473506 28861
13 3412593320 67108864 7479876 0.9445949176270438 0.9804824438525646 0.29465011053405915 18420
14 3412593311 268435456 83702859 0.8962853859968783 0.9938635414112688 1.8269089097517697 14957
15 3412593302 1073741824 571949809 0.8130116209200717 0.9979330297021037 6.601222295229983 13028
Table A.31: Monodelphis domestia, omplete genome results for N oligonuleotide order 1 to 15.
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1 409491489 4 0 0.9994708681234642 0.9999669633404319 8.163915718756335E-7 4
2 409491470 16 0 0.9994029863430366 0.9999826521122326 1.6207876683178696E-6 16
3 409491451 64 0 0.999248152802096 0.9999851895729501 2.5702520722431476E-6 64
4 409491432 256 0 0.9990494599652576 0.9999845684817582 4.092956543031127E-6 256
5 409491413 1024 0 0.9986901190526308 0.9999808443564991 7.72416381089951E-6 1024
6 409491393 4096 0 0.998015401510527 0.999969865436245 1.9769815473234895E-5 4047
7 409491374 16384 0 0.9964493611042463 0.9999399254078716 6.746099389856098E-5 13046
8 409491355 65536 0 0.9933765927732467 0.9998800233177287 2.54538652605292E-4 25885
9 409491336 262144 0 0.9873213923139024 0.9997838097530879 9.930468937576317E-4 9168
10 409491317 1048576 14 0.9755750816078964 0.9996568237912223 0.003962178335298152 2947
11 409491298 4194304 13701 0.9529130653223308 0.9995053646034257 0.028009333908990946 2150
12 409491279 16777216 897097 0.9095627186726973 0.9993261178071648 0.508680138387665 1783
13 409491260 67108864 16611062 0.8295249378460483 0.9991113843164686 4.528219996382577 1514
14 409491241 268435456 145826825 0.6978826831609812 0.9988506795193083 20.84019512631868 1376
15 409491222 1073741824 864924945 0.5259547370712625 0.9985422207349702 54.972922546002536 1226
Table A.32: Ornithorhyn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1 2858821973 4 0 0.9995069497109955 0.9999800192060283 8.499492843648238E-7 4
2 2858821947 16 0 0.999442089073902 0.9999857692521031 1.6157149414871487E-6 16
3 2858821921 64 0 0.9992802682164686 0.9999866462673787 2.464874186747614E-6 64
4 2858821895 256 0 0.9991325549155975 0.9999860057876637 3.568156687571977E-6 256
5 2858821869 1024 0 0.9989416454964162 0.999984407206211 5.263509269895534E-6 1024
6 2858821843 4096 0 0.9986139923305463 0.999980658378099 9.070377428985214E-6 4096
7 2858821817 16384 0 0.9980100428203778 0.9999721073957103 2.0279503986983694E-5 15970
8 2858821791 65536 0 0.996870793405814 0.999953921652155 5.6844268618023055E-5 51982
9 2858821765 262144 0 0.994598104999386 0.9999241140992666 1.8580483554439593E-4 136372
10 2858821739 1048576 0 0.9901667478540186 0.9998855166587303 6.593477776229542E-4 132452
11 2858821713 4194304 868 0.9815620069064447 0.9998437858731283 0.0025994297197623095 33672
12 2858821687 16777216 157792 0.9650595371322996 0.9998004526424245 0.023767905420033625 14264
13 2858821661 67108864 4736008 0.9335704624073785 0.9997512509488299 0.2754044248569349 10256
14 2858821635 268435456 65494935 0.8750414647677032 0.9996913109634592 2.216898584690755 8771
15 2858821609 1073741824 527202307 0.7740416817312507 0.9996178254112592 9.693063525193114 7828
Table A.33: Pan troglodytes, omplete genome results for N oligonuleotide order 1 to 15.
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1 2504457701 4 0 0.999926082600666 0.9999994984812131 1.70081282896401E-8 4
2 2504457680 16 0 0.99988227950412 0.9999994459730416 7.35194015650942E-8 16
3 2504457659 64 0 0.9998187851176604 0.9999992997759637 1.6851048899977661E-7 64
4 2504457638 256 0 0.9997208185958544 0.9999988812428817 3.9697379889228473E-7 256
5 2504457617 1024 0 0.9995236920793138 0.9999977495974366 1.1142214704555299E-6 1024
6 2504457596 4096 0 0.9991767958046913 0.9999947743488631 3.5697581703710176E-6 4096
7 2504457575 16384 0 0.998502935311252 0.9999878066747736 1.2420817371256455E-5 16024
8 2504457554 65536 0 0.9972160570304479 0.9999735094967741 4.5664072741944035E-5 52193
9 2504457533 262144 0 0.9946962738137992 0.9999523732168353 1.7625534218061162E-4 132286
10 2504457512 1048576 1 0.9898095588055638 0.999930189245081 6.91599865983315E-4 102627
11 2504457491 4194304 706 0.9804001173202584 0.9999122755916817 0.0028403654856564253 27702
12 2504457470 16777216 127985 0.9623728906843845 0.9998977583962455 0.024512257487243415 18732
13 2504457449 67108864 4288671 0.9279634209508983 0.9998854245708302 0.2995677039608326 16562
14 2504457428 268435456 62104766 0.8640358018495333 0.9998736427162348 2.5346823818136732 15745
15 2504457407 1073741824 521923243 0.7540457357037416 0.9998619883102272 11.755066740619364 15184
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1 89693294 4 0 0.9997734055792399 0.9999975762454479 4.153994050431895E-7 4
2 89693288 16 0 0.9995990000946336 0.9999964704648688 2.2229125857015666E-6 16
3 89693282 64 0 0.9990969223313737 0.9999949929927727 5.999669807127362E-6 64
4 89693276 256 0 0.998595758727778 0.9999913708978508 1.3824250932803658E-5 256
5 89693270 1024 0 0.9972764957727598 0.9999771344920334 4.40848419044804E-5 1012
6 89693264 4096 0 0.9950464507568818 0.999938591987997 1.4927272885897533E-4 3363
7 89693258 16384 0 0.9908747433391258 0.9998285592768176 5.310710253044977E-4 4002
8 89693252 65536 0 0.9834292439301899 0.9995342706171546 0.0018272843208978241 1911
9 89693246 262144 0 0.9694384792362181 0.9986937907890053 0.006274341261677808 676
10 89693240 1048576 72 0.9431992199189148 0.9964016202379163 0.022492903837597274 161
11 89693234 4194304 72932 0.8936048175049637 0.9905619525447471 0.35603462771201666 30
12 89693228 16777216 3253715 0.8025430749353786 0.9773587881044947 5.805999421425932 13
13 89693222 67108864 36628925 0.6568737602045336 0.9518470689749292 26.727999867097736 2
14 89693216 268435456 219629128 0.48210854653712054 0.9111948156075493 58.922192647020076 2
15 89693210 1073741824 1010903999 0.3284786886320603 0.8587895548737233 88.25052414397467 0
Table A.35: Caenorhabditis elegans, omplete genome results for N oligonu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1 989168363 4 0 0.9996097418655514 0.9999850804403569 5.617152330858426E-7 4
2 989168330 16 0 0.9995227890080144 0.999990751163669 1.0913742098446305E-6 16
3 989168297 64 0 0.9993715134200263 0.9999912930096884 1.7004563278625215E-6 64
4 989168264 256 0 0.9992549528459195 0.9999902239583823 2.7261872672553177E-6 256
5 989168230 1024 0 0.9990042320708177 0.9999880190499499 4.627457279409672E-6 1024
6 989168197 4096 0 0.9985605966666556 0.999982086023565 1.023354536780052E-5 4074
7 989168164 16384 0 0.9975952400344337 0.9999651589239266 3.0527247980969256E-5 14964
8 989168131 65536 0 0.9956112577185324 0.9999185976684842 1.0888750081142597E-4 41163
9 989168098 262144 0 0.9916273138845204 0.999799425723789 4.187537814854466E-4 62536
10 989168064 1048576 5 0.983829739776152 0.9995254239872715 0.0016541119914045867 11956
11 989168031 4194304 4960 0.9684790591458167 0.9989814991022692 0.008582437729916246 1084
12 989167998 16777216 426439 0.9386836380446671 0.9980695692458524 0.1181273118549536 498
13 989167965 67108864 9489190 0.8817244379724731 0.996697181705177 1.3226291369998282 312
14 989167932 268435456 99956562 0.7785257094242315 0.9947109218256579 7.361331644443221 224
15 989167899 1073741824 683982908 0.6122562535766236 0.9918955894391189 29.219606650628037 186
Table A.36: Gallus gallus, 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1 12156679 4 0 0.998614835515522 0.9999087287670914 6.226194046674594E-6 4
2 12156662 16 0 0.9981638874223862 0.9999157103851467 1.3524086882388988E-5 16
3 12156645 64 0 0.9974472397606412 0.9999089673323568 2.5159941369584485E-5 64
4 12156628 256 0 0.9965661530483617 0.9998681099051334 5.2847233432004274E-5 254
5 12156611 1024 0 0.9943759819245677 0.9997428732031112 1.4937678370176966E-4 768
6 12156594 4096 0 0.9896817315771177 0.9993146519168525 5.39239802277219E-4 506
7 12156577 16384 0 0.9799161392224144 0.9980105638174219 0.0020660434953663994 30
8 12156560 65536 0 0.9611450936778168 0.9940598641246542 0.008021976391588038 4
9 12156543 262144 93 0.9239483626224989 0.9824229559909564 0.037110884700478415 2
10 12156526 1048576 31338 0.8516684783136235 0.9516606344845808 0.8753380537293544 2
11 12156509 4194304 1005544 0.7175438277551557 0.8843428951236821 11.995297869137618 0
12 12156492 16777216 10169697 0.510983843036297 0.7762544333239255 49.63218724404279 0
13 12156475 67108864 57719272 0.294272805233425 0.6560543083295398 95.4337428413997 0
14 12156458 268435456 257664213 0.1511102164791751 0.5564911079127316 123.14779116032122 0
15 12156440 1073741824 1062446343 0.08554083267798795 0.4860511002177838 134.53232106858349 0
Table A.37: Saharomyes erevisiae, omplete genome results for N oligonuleotide order 1 to 15.
9
6
D
e

e
m
b
e
r
2
0
1
1
J
a
m
e
s
M
o
n
t
e
i
r
o
A
p
a
r
í

i
o
N order Total oly Possible oly Holes L1 S Kl Equivalent pairs
1 12490080 4 0 0.9993018459449419 0.999978818924562 1.8667000307340982E-6 4
2 12490077 16 0 0.998949005678668 0.9999746283929273 6.262413245586477E-6 16
3 12490074 64 0 0.9980115410044809 0.9999527520561629 1.819060462025271E-5 64
4 12490071 256 0 0.9970126671017322 0.9999137149635441 4.5537450376205474E-5 254
5 12490068 1024 0 0.9947005893002344 0.9997992946797678 1.411714062717796E-4 744
6 12490065 4096 0 0.9899840393144471 0.999455990569316 5.39756051650717E-4 548
7 12490062 16384 0 0.9804322828821826 0.9983941286049767 0.0021133193182477114 52
8 12490059 65536 0 0.9624729554920437 0.9951378406774212 0.008159856246518764 0
9 12490056 262144 547 0.9264839164852423 0.9852694197689916 0.04856892215175659 0
10 12490053 1048576 48496 0.8572665784524693 0.9561208118487056 0.99761262010086 0
11 12490050 4194304 1106811 0.7292910756962543 0.8801121851117107 11.1493143368679 0
12 12490047 16777216 10289340 0.5305365944579712 0.729988873397267 45.387463246036745 0
13 12490044 67108864 57601859 0.3133913699583444 0.5380776297508584 90.61505452786953 0
14 12490041 268435456 257271283 0.15769003480452948 0.3803339158805463 121.35366356982095 0
15 12490038 1073741824 1061902649 0.07999799520225637 0.2815302283902138 135.2822887694871 0
Table A.38: S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haromyes pombe, omplete genome results for N oligonuleotide order 1 to 15.
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1 1273397437 4 0 0.999783702250376 0.9999983903104772 1.4293694506832008E-7 4
2 1273397412 16 0 0.9997805469075353 0.9999980700914145 3.0263468152923645E-7 16
3 1273397387 64 0 0.9996361159487757 0.9999977469283051 6.199972396463768E-7 64
4 1273397362 256 0 0.9994268772483919 0.9999968209413015 1.5766540174357201E-6 256
5 1273397337 1024 0 0.9990357330235252 0.9999946051850798 4.553694749510483E-6 1024
6 1273397312 4096 0 0.998361013502752 0.9999892434153459 1.5087164037864443E-5 4094
7 1273397287 16384 0 0.9971086266339753 0.9999777422899198 5.1979653087018545E-5 15870
8 1273397262 65536 0 0.9948672804669498 0.999959366183067 1.7949865608850107E-4 45161
9 1273397237 262144 0 0.9907625690882507 0.9999402055431318 6.112082982750127E-4 60698
10 1273397212 1048576 0 0.983237445630594 0.999926898028833 0.0020535431178824847 28356
11 1273397187 4194304 97 0.9693274719005642 0.9999187469616712 0.007072274380812756 8616
12 1273397162 16777216 118061 0.9436641802410425 0.9999134248560033 0.056666968417778484 3580
13 1273397137 67108864 6606463 0.896914922151266 0.9999094832962127 0.9764112366767395 2282
14 1273397112 268435456 96686300 0.8168293497747465 0.9999062328417861 6.785374080696858 1765
15 1273397087 1073741824 719259928 0.6999256611303997 0.9999033148884986 23.186628423003306 1432
Table A.39: D rerio, omplete genome results for N oligonu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1 351195798 4 0 0.9998039896821317 0.999981400568275 2.0274214868227086E-7 4
2 351195797 16 0 0.9997584794558347 0.999991315960541 4.535914220084498E-7 16
3 351195796 64 0 0.9995254555951462 0.9999916017683124 1.0670599534705152E-6 64
4 351195795 256 0 0.999224429779975 0.9999888509054577 2.609121064220855E-6 256
5 351195794 1024 0 0.9987091758849481 0.9999788877443369 7.907813164983923E-6 1024
6 351195793 4096 0 0.9977497908125568 0.9999535599167729 2.6126552949055294E-5 4092
7 351195792 16384 0 0.9958067549966544 0.9998962400783803 9.012031301826948E-5 14530
8 351195791 65536 0 0.9920341300445711 0.9997767121263921 3.310785383420964E-4 21941
9 351195790 262144 0 0.984564945952228 0.9995968027845482 0.00126724351926724 4130
10 351195789 1048576 0 0.970077798968142 0.9994040766815275 0.004922561466583476 321
11 351195788 4194304 698 0.9420299539583317 0.9992349664658916 0.02043930934973679 128
12 351195787 16777216 246199 0.8880171731672852 0.9990838356682096 0.2935113764826776 80
13 351195786 67108864 10322639 0.786881628471476 0.9989378703139917 5.016088197704734 64
14 351195785 268435456 129811603 0.6185830390874423 0.9987839672916633 28.60404173064644 58
15 351195784 1073741824 845772629 0.40885130898951794 0.9986181842929254 71.70552774921185 46
Table A.40: Fugu, omplete genome results for N oligonuleotide order 1 to 15.
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1 118960067 4 0 0.999448125731133 0.9999911623814948 8.856814132391886E-7 4
2 118960062 16 0 0.9993725036895156 0.9999898911400662 2.291060317364609E-6 16
3 118960057 64 0 0.998862029798792 0.9999816639591258 7.104354870412616E-6 64
4 118960052 256 0 0.9984513540730463 0.9999658236553447 2.0463569426906185E-5 256
5 118960047 1024 0 0.9971760518890851 0.99992181802441 6.043087081783871E-5 1012
6 118960042 4096 0 0.9951630481098855 0.9998316516698256 1.6716847346917075E-4 3540
7 118960037 16384 0 0.9914747924969122 0.9995987856268155 4.968560272028137E-4 6204
8 118960032 65536 0 0.9848183884146904 0.9989885848468879 0.0015625814119903363 3162
9 118960027 262144 0 0.9721778728244572 0.9973971160900452 0.005163457798287983 422
10 118960022 1048576 757 0.9482676121226675 0.9934645140179809 0.02005625885594221 60
11 118960017 4194304 81726 0.9026679947431413 0.9844209576462167 0.23399621347382343 12
12 118960012 16777216 2524269 0.8177054235670387 0.9670047857038383 3.370989558232293 8
13 118960007 67108864 30540786 0.6737377545715847 0.9403816451645939 20.012987465819464 6
14 118960002 268435456 203137567 0.48121947745091664 0.9072193453216522 55.4972007003932 4
15 118959997 1073741824 986006688 0.2992811776886646 0.8708188059880304 92.64419451446601 4
Table A.41: Arabidopsis thaliana, omplete genome results for N oligonuleotide order 1 to 15.
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1 350945253 4 0 0.9998448675412059 0.9999970733493013 7.309407809977072E-8 4
2 350945241 16 0 0.9998264487079909 0.9999975319814426 1.7660520880101568E-7 16
3 350945229 64 0 0.9996674267368371 0.9999963107379024 4.804258264173293E-7 64
4 350945217 256 0 0.999310655942064 0.999989337465792 2.3255346293493246E-6 256
5 350945205 1024 0 0.9986183626586378 0.9999718794343799 9.74968994503448E-6 1024
6 350945193 4096 0 0.9974588653220277 0.9999203584808606 4.0536911191870837E-5 4070
7 350945181 16384 0 0.9952539624699961 0.9997881603620102 1.4976009536899208E-4 15166
8 350945169 65536 0 0.9912862171355321 0.9994305699508386 5.371691319903114E-4 21232
9 350945157 262144 0 0.9836697418793559 0.998556738890245 0.0017690079440110433 4042
10 350945145 1048576 0 0.9691250693894056 0.9967429858066764 0.0058303179776666445 667
11 350945133 4194304 40 0.9413727586870395 0.9938446328841647 0.020656968040061785 148
12 350945121 16777216 148755 0.8891377008201804 0.9905100982303576 0.24988823231813298 48
13 350945109 67108864 10813095 0.7941678195606368 0.9876158738212487 5.670251005859593 16
14 350945097 268435456 142499241 0.6461594959966059 0.9853386570205307 28.94450651099929 5
15 350945085 1073741824 884021306 0.48443597949234707 0.9835295872792151 61.20249528361909 4
Table A.42: Oryza sativa, omplete genome results for N oligonuleotide order 1 to 15.
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1 427311570 4 0 0.9992383730681572 0.9999877890976763 1.6741220983355467E-6 4
2 427311569 16 0 0.9991894509179554 0.9999873394830076 3.1376832358253446E-6 16
3 427311568 64 0 0.9988650435974156 0.9999866023495367 4.81210440616671E-6 64
4 427311567 256 0 0.998692179095634 0.9999864184159882 7.452185210389043E-6 256
5 427311566 1024 0 0.9982522682290327 0.9999840694974902 1.4533401265843069E-5 1024
6 427311565 4096 0 0.997470557577818 0.999977096243076 3.7547146525927234E-5 4018
7 427311564 16384 0 0.9958334195701757 0.9999596443819321 1.1335584371389709E-4 12796
8 427311563 65536 0 0.9926253224277949 0.9999161493436517 3.672442246990815E-4 21511
9 427311562 262144 0 0.9864166371421516 0.999810149499812 0.0012495675762495939 11882
10 427311561 1048576 0 0.9744270480900937 0.9995717983432942 0.004447524797871407 3688
11 427311560 4194304 4217 0.951285067036333 0.9991126636216213 0.021630160104631934 1472
12 427311559 16777216 706351 0.9074888259692502 0.9984181874017242 0.44551994683033763 783
13 427311558 67108864 16337462 0.8282776193945122 0.9975944612699182 4.495985883376127 374
14 427311557 268435456 151243248 0.7040732717650321 0.9967772046447246 19.397588894032364 162
15 427311556 1073741824 877897293 0.5527645313668981 0.9960163648554697 46.032315330428325 68
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1 327855916 4 0 0.9994710603300506 0.999993145633198 8.210719198878467E-7 4
2 327855896 16 0 0.9994299050214427 0.9999938503415968 1.56694291554258E-6 16
3 327855876 64 0 0.9991723009411612 0.9999930157447794 2.7331091587523005E-6 64
4 327855856 256 0 0.998925814520147 0.9999917721470439 5.035002474417155E-6 256
5 327855836 1024 0 0.9984744941371121 0.9999881209212635 1.1266517207755956E-5 1024
6 327855816 4096 0 0.9975528846497571 0.9999783504949058 3.254448319386536E-5 3987
7 327855796 16384 0 0.995675043670724 0.9999525174382329 1.0969450938932744E-4 11364
8 327855776 65536 0 0.9920437546294747 0.9998841426825703 3.940726164068135E-4 17434
9 327855756 262144 0 0.9848496910330286 0.9997146294495589 0.0014638622341576802 7294
10 327855736 1048576 28 0.9711196878373358 0.9993444241878062 0.005617559885397787 1917
11 327855716 4194304 29113 0.9447614572014965 0.9986290523907491 0.05089758747402787 674
12 327855696 16777216 1505840 0.8954349049955197 0.9975253693421472 0.8656568723344017 239
13 327855676 67108864 22026986 0.8085567809416239 0.9960963303318023 6.124280075598392 90
14 327855656 268435456 169196096 0.6761086500822788 0.9944885988660987 23.299400159547012 39
15 327855636 1073741824 913774764 0.5181619632123695 0.9927754273731368 52.346780855605665 24
Table A.44: Vitis vinifera, omplete genome results for N oligonuleotide order 1 to 15.
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1 33976983 4 0 0.9991711742034306 0.9999954802898957 2.9750360718926753E-6 4
2 33976975 16 0 0.9989016091044008 0.9999941928582962 7.252405744633167E-6 16
3 33976967 64 0 0.9984061849899669 0.9999894655307074 1.7808279202033126E-5 64
4 33976959 256 0 0.9976602379277086 0.9999848630318594 3.9006495510187825E-5 249
5 33976951 1024 0 0.9962030436456761 0.99997682950472 9.644041618827295E-5 670
6 33976943 4096 0 0.9938872664324157 0.9999646676520253 2.630135459882829E-4 1182
7 33976935 16384 1 0.9895001417873626 0.9999470471512443 8.912180936667874E-4 1074
8 33976927 65536 375 0.9814374913893773 0.9999251274205605 0.005675937627359039 609
9 33976919 262144 14480 0.966348832276405 0.9999009314278028 0.06957692302175984 382
10 33976911 1048576 214942 0.938972939594185 0.9998738896702273 0.5815321554331817 229
11 33976903 4194304 1869928 0.8910444250907742 0.999841352027168 2.925376062607574 164
12 33976895 16777216 11557283 0.8156136103666918 0.9997974329959213 9.844713423709308 123
13 33976887 67108864 57607897 0.7121946162990153 0.9997404842714959 23.779167836949036 106
14 33976879 268435456 254110448 0.5936852822768095 0.9996760381616496 43.48529533961111 87
15 33976871 1073741824 1055071824 0.4795927205892503 0.9995949872738686 64.28908473791498 72
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1 32110796 4 0 0.9983690220572545 0.9998126792770597 8.588131538643408E-6 4
2 32110760 16 0 0.9978215713362125 0.9997802626442887 2.7709273025797254E-5 16
3 32110724 64 0 0.9958596386677547 0.9997196253848853 6.798407618759075E-5 64
4 32110688 256 0 0.9946523413014383 0.9995993281461522 1.4815034104203142E-4 250
5 32110652 1024 0 0.992364714363321 0.9992652361172537 3.7218063869694636E-4 868
6 32110616 4096 0 0.988987878650475 0.9984228820179669 9.342363203882666E-4 1694
7 32110580 16384 0 0.982622487666059 0.9964391658312742 0.002334732152245713 730
8 32110544 65536 0 0.9704004080404244 0.9917409261881082 0.006469896959715569 52
9 32110508 262144 38 0.9468395828555562 0.9815777049573077 0.02002391863860716 8
10 32110472 1048576 12298 0.9019812913369819 0.9637636172208268 0.18372865663864393 6
11 32110436 4194304 514871 0.8172990861911685 0.9406587526618867 2.8929685349820167 4
12 32110400 16777216 6971636 0.6705159387612736 0.9162124814389421 19.014904586469797 3
13 32110364 67108864 49106129 0.4677637413266321 0.8936147522418688 56.738916216842284 0
14 32110328 268435456 244042648 0.2719609092750469 0.8731318984277123 97.44024570335904 0
15 32110291 1073741824 1045987466 0.14258419520396126 0.8546505054729854 122.9101094000992 0
Table A.46: Leishmania infantum, omplete genome results for N oligonuleotide order 1 to 15.
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1 22859235 4 0 0.9997919002976259 0.9999996889676223 4.1278385917168536E-7 4
2 22859220 16 0 0.9992106029864536 0.9999976628121167 6.88974960170454E-6 16
3 22859205 64 0 0.9974229637469895 0.9999868855448468 3.858003468246238E-5 64
4 22859190 256 0 0.9962577414160344 0.9999800046893043 1.1941297195870779E-4 195
5 22859174 1024 0 0.9941767799658903 0.999969228216889 3.245653988197988E-4 450
6 22859159 4096 0 0.9913680551414862 0.999956711928505 7.925512943417197E-4 658
7 22859144 16384 0 0.9861145281730584 0.9999394969410175 0.002135371292923203 662
8 22859129 65536 498 0.9763931075414116 0.9999133504624335 0.012127906799793706 468
9 22859114 262144 19742 0.9585300637636262 0.9998821412771095 0.14713466036893136 328
10 22859099 1048576 276381 0.9265188448591084 0.9998455763282068 1.0842464186166012 193
11 22859084 4194304 2227526 0.873049768748389 0.9998101791429982 4.719302608009409 102
12 22859069 16777216 12789982 0.793680398794894 0.9997743206797464 13.372857273425248 66
13 22859054 67108864 60436828 0.6911092646266115 0.9997352746684373 27.82851762726649 56
14 22859039 268435456 258817417 0.5766194720609208 0.9996900153664835 46.31413849142063 44
15 22859024 1073741824 1061349856 0.46427529014362123 0.9996376331065303 65.87260383982937 28
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1 27127879 4 0 0.9968198398407778 0.9942312541013579 4.079487264503091E-5 4
2 27127866 16 0 0.9959112154269709 0.9978051929573346 7.551560927696623E-5 16
3 27127853 64 0 0.9945934165892155 0.998446448101724 1.221343080475803E-4 64
4 27127840 256 0 0.9933752926882494 0.9986995594635447 1.9118172145406133E-4 256
5 27127827 1024 0 0.9906851735673484 0.9984639896632745 3.9213885100670065E-4 858
6 27127814 4096 0 0.9862760412615628 0.9976004875650063 0.0010055535653043463 1317
7 27127801 16384 0 0.9776914833605569 0.9952491874108912 0.003108018974619332 132
8 27127788 65536 0 0.9614620624431303 0.989722519320648 0.009869122368861227 21
9 27127775 262144 0 0.9300615328754386 0.9780735716110013 0.031034483398859863 10
10 27127762 1048576 970 0.8709294559573326 0.9576295289145722 0.11911367055672793 6
11 27127749 4194304 211579 0.7609816059563217 0.9286229704460202 2.810996961381792 4
12 27127736 16777216 6040788 0.5755922646843805 0.8946508242492681 30.21665189886568 2
13 27127723 67108864 49676990 0.3496336201899437 0.8584921404476974 80.4284564194154 2
14 27127710 268435456 247486401 0.18925980114060492 0.8210122260712271 113.6976952776606 2
15 27127697 1073741824 1051371384 0.11392157616623333 0.7797335500195864 127.93931084485777 2
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1 226204033 4 0 0.999509526870372 0.9999716382921379 9.607006394345006E-7 4
2 226204032 16 0 0.9993153747144525 0.9999838564616232 1.8185857756619128E-6 16
3 226204031 64 0 0.9991784098666217 0.9999866013066289 2.8011671076356302E-6 64
4 226204030 256 0 0.9989345813158148 0.9999847964177657 5.1887004363544E-6 256
5 226204029 1024 0 0.998398503326393 0.9999772584875114 1.2498772309070501E-5 1024
6 226204028 4096 0 0.9973582875367719 0.999956795601877 3.769913532803876E-5 3655
7 226204027 16384 0 0.9951526901861919 0.9999019081328303 1.386823021680846E-4 10510
8 226204026 65536 0 0.9908999320816686 0.9997799863311405 5.296400083560931E-4 12967
9 226204025 262144 1 0.9827676143251651 0.999571197089791 0.0020068170172642423 2416
10 226204024 1048576 2685 0.967239336113667 0.9992942889980457 0.011832073692897406 988
11 226204023 4194304 148896 0.9375033617328724 0.9989694982771051 0.1432737863941503 746
12 226204022 16777216 2826013 0.8816549601403639 0.9985967206073304 1.5326555913307238 610
13 226204021 67108864 27115685 0.7828428478731596 0.9981548881993155 7.561390369218011 542
14 226204020 268435456 179693850 0.6289620007637353 0.9976139775875927 30.833165983239873 480
15 226204019 1073741824 936677941 0.4456636731993696 0.9969436020826898 68.84794014307099 422
16 226204018 4294967296 4129284501 0.30377320707008837 0.9961190970674301 96.73609582499617 356
17 226204017 17179869184 17000687316 0.22588551113130761 0.9951256186083093 110.69768186932484 318
18 226204016 68719476736 68533860144 0.188118888216379 0.9939213327986125 117.1002558760231 266
19 226204015 274877906944 274688656170 0.16834072551718415 0.9924363802913533 120.36734214842866 202
20 226204014 1099511627776 1099319844281 0.1558301171437214 0.9906142161584739 122.4205699277329 160
21 226204013 4398046511104 4397852673504 0.14633773981719767 0.988358708103284 123.97661385967967 118
22 226204012 17592186044416 17591990406073 0.13829486366492916 0.9856469658859505 125.296405442341 86
23 226204011 70368744177664 70368546901651 0.1310944039803078 0.9825012939688139 126.47883611834715 64
24 226204010 281474976710656 281474777919447 0.12447973844495508 0.9788859484135433 127.56541212628719 46
25 226204009 1,13E+015 1,13E+015 0.11833911396327201 0.9746452826232856 128.57672238309553 36
26 226204008 4,50E+015 4,50E+015 0.1126115280857446 0.9695975701236627 129.52180054910835 30
27 226204007 1,80E+016 1,80E+016 0.10724691539173314 0.963554168866376 130.40826915326733 20
28 226204006 7,21E+016 7,21E+016 0.10220351269994754 0.9565179325553471 131.24437409576703 16
29 226204005 2,88E+017 2,88E+017 0.09745057343259678 0.9485375616921597 132.0341378604803 8
30 226204004 1,15E+018 1,15E+018 0.09296944186717404 0.9391975156469271 132.78142978745007 6
Table A.49: Homo sapiens, results for hromosome 1, oligonu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1 237895365 4 0 0.9992742397482187 0.9999649060567204 1.6843199789095115E-6 4
2 237895364 16 0 0.9992251719541706 0.9999742118632954 3.241990470003755E-6 16
3 237895363 64 0 0.9989020845269692 0.9999768895783635 5.1174977173980324E-6 64
4 237895362 256 0 0.9986430546720789 0.9999752568428498 8.386997436250443E-6 256
5 237895361 1024 0 0.9982012385689185 0.9999689214778062 1.59623566389757E-5 1020
6 237895360 4096 0 0.9971634755717808 0.9999503496023244 4.232295455583977E-5 3673
7 237895359 16384 0 0.9950771843346469 0.9998969316511188 1.4129300924666175E-4 10658
8 237895358 65536 0 0.9910149528852934 0.9997684637801943 5.08320049496274E-4 13967
9 237895357 262144 5 0.9831655941061515 0.9995202389222985 0.0018912015212594992 2862
10 237895356 1048576 3250 0.9680870441203568 0.9991387831707149 0.011788953555222347 1022
11 237895355 4194304 157690 0.939299289807487 0.9986591751855417 0.1351457473057481 722
12 237895354 16777216 2816890 0.8853176090189638 0.9981103709856968 1.420159385804014 589
13 237895353 67108864 26827328 0.7891030137104023 0.9974768013048787 6.988005691662479 494
14 237895352 268435456 177113019 0.6371561895837292 0.9967176980865999 28.916028122375124 410
15 237895351 1073741824 929073405 0.4501524201706657 0.9957854950228469 67.40346934760026 336
Table A.50: Homo sapiens, results for hromosome 2, oligonu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1 195304078 4 0 0.9996676669495862 0.9999934795370717 3.484013263095536E-7 4
2 195304077 16 0 0.9996125477708282 0.9999945700975681 7.664783030694887E-7 16
3 195304076 64 0 0.9993764902274748 0.9999918775514739 1.7577555305960344E-6 64
4 195304075 256 0 0.9989748652197861 0.9999850225411078 5.152355548668387E-6 2569
5 195304074 1024 0 0.998260466394572 0.999972775819907 1.4194870396512121E-5 1022
6 195304073 4096 0 0.997060486291036 0.9999407581968358 4.626266020551152E-5 3483
7 195304072 16384 0 0.9946251095061653 0.9998639997121029 1.6208207342701045E-4 10016
8 195304071 65536 0 0.9901389203505133 0.9996812603594789 5.980936992627774E-4 9964
9 195304070 262144 9 0.9815595343199965 0.999331913473119 0.0022935514940381364 1692
10 195304069 1048576 6484 0.9652063931141137 0.9988051918611306 0.0175985594010713 505
11 195304068 4194304 224341 0.9338082911821376 0.9981505633946866 0.20391805577671618 278
12 195304067 16777216 3486798 0.8750996209413294 0.9974202656296255 1.8765789414750673 214
13 195304066 67108864 29711400 0.7718851076044674 0.9966067428925117 8.444830017804158 178
14 195304065 268435456 187160239 0.611849543428602 0.9956508692278538 33.785884751710554 136
15 195304064 1073741824 950361924 0.4237791692854891 0.994505569492175 72.80574497232547 102
Table A.51: Homo sapiens, results for hromosome 3, oligonuleotide order 1 to 15.
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1 187939711 4 0 0.999756789026881 0.9999971043699054 1.9406440932657306E-7 4
2 187939710 16 0 0.9996750447257794 0.9999974700132749 5.057284226969091E-7 16
3 187939709 64 0 0.9994601300569216 0.9999958114750329 1.6240565773862229E-6 64
4 187939708 256 0 0.9990081127507126 0.99999099411105 5.020138218844636E-6 256
5 187939707 1024 0 0.998325968444763 0.9999800506181059 1.517105874817326E-5 1020
6 187939706 4096 0 0.9971798348987521 0.9999519737331773 4.956806261571905E-5 3447
7 187939705 16384 0 0.994862080899829 0.9998777071315369 1.7423770912899749E-4 9878
8 187939704 65536 0 0.9903897954420531 0.9996934874080883 6.396210146477338E-4 9527
9 187939703 262144 25 0.9815931229815767 0.9992974323688417 0.0024812750865450916 1918
10 187939702 1048576 7796 0.9649120173660806 0.998621873187339 0.020067796240297035 535
11 187939701 4194304 248132 0.9331142545555077 0.9977174551065642 0.23139772677013482 312
12 187939700 16777216 3734006 0.8738556675359171 0.996664991303901 2.003929078573635 234
13 187939699 67108864 30832372 0.7703934654061567 0.9954867835876487 8.872944715100386 180
14 187939698 268435456 190977349 0.6116219469502393 0.9941293763907589 34.090943899429206 162
15 187939697 1073741824 956652787 0.42679783611654964 0.992510203644173 71.83023871192164 144
Table A.52: Homo sapiens, results for 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leotide order 1 to 15.
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1 177846453 4 0 0.9990530314371803 0.9999476762708609 2.8664396562469263E-6 4
2 177846452 16 0 0.9989625826215527 0.9999601523442087 5.830397421012955E-6 16
3 177846451 64 0 0.9985590547432402 0.9999628074444289 9.20034594687525E-6 64
4 177846450 256 0 0.9982787117763666 0.9999596464515558 1.4201516631745866E-5 256
5 177846449 1024 0 0.9976592223103651 0.9999503828559617 2.4843226330418866E-5 1018
6 177846448 4096 0 0.9966687217728408 0.9999260404513721 5.680091358312161E-5 3454
7 177846447 16384 0 0.9943340504294697 0.9998600407221218 1.7710375089927723E-4 9690
8 177846446 65536 0 0.9896954758376223 0.9996926903965481 6.443478613502773E-4 8112
9 177846445 262144 20 0.9807160666045363 0.9993487760498134 0.002526381423291092 1462
10 177846444 1048576 7015 0.9634648247451043 0.998790206766109 0.02038724525523418 556
11 177846443 4194304 237196 0.9305083487106909 0.9980715771709048 0.24040551535382787 374
12 177846442 16777216 3669825 0.869151292888952 0.9972502907014599 2.1135734896821603 280
13 177846441 67108864 30720580 0.7621720133269352 0.996311967054924 9.513273839185636 232
14 177846440 268435456 191691461 0.5992311513235801 0.9952014951272491 36.38706403039634 188
15 177846439 1073741824 959986529 0.41397005424438105 0.9938466939893817 74.70563147545458 158
Table A.53: Homo sapiens, results for hromosome 5, oligonuleotide order 1 to 15.
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1 169096731 4 0 0.9998125510776432 0.9999973948726539 2.0327028895072564E-7 4
2 169096730 16 0 0.999655090905661 0.999996779411082 5.662299134607765E-7 16
3 169096729 64 0 0.9994333125154656 0.9999956059393699 1.3803018454929545E-6 64
4 169096728 256 0 0.9991878080574096 0.9999924861031002 3.5123223163159122E-6 256
5 169096727 1024 0 0.9984920287664705 0.9999836706880455 1.1665255641993168E-5 1018
6 169096726 4096 0 0.9971588095679629 0.9999571473268452 4.400150889926857E-5 3426
7 169096725 16384 0 0.9945668788085635 0.9998867926730636 1.6986720580248506E-4 9550
8 169096724 65536 0 0.9896504559130311 0.9997156924027479 6.573679513001367E-4 7430
9 169096723 262144 18 0.9801928450145069 0.999368576523686 0.002603020085067834 1392
10 169096722 1048576 6375 0.9621166458803383 0.9988095370812108 0.02066554801731579 598
11 169096721 4194304 231935 0.927962500230859 0.9981044281021358 0.25546546727101616 418
12 169096720 16777216 3686690 0.8643887415438928 0.99729097965294 2.270481848233169 314
13 169096719 67108864 31052286 0.7540525372346225 0.9963582028919785 10.33035587639768 256
14 169096718 268435456 193675263 0.5875545970087959 0.9952423824472815 38.448480674592375 208
15 169096717 1073741824 964347244 0.40188563802808774 0.993888239257891 76.908640533985 162
Table A.54: Homo sapiens, results for hromosome 6, oligonuleotide order 1 to 15.
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1 155401272 4 0 0.999478884574381 0.9999826389766462 7.950648636854843E-7 4
2 155401271 16 0 0.9993670064641877 0.9999781455160364 2.3793586292275035E-6 16
3 155401270 64 0 0.9989873699230386 0.9999713557680774 4.998993667891159E-6 64
4 155401269 256 0 0.9985491752966316 0.9999587006171047 1.1197865309942118E-5 256
5 155401268 1024 0 0.9976999930270839 0.9999371552135822 2.8844702197556138E-5 1008
6 155401267 4096 0 0.9962525466410772 0.9998837574088413 8.551522253569526E-5 3395
7 155401266 16384 0 0.9935657538336914 0.9997665691891957 2.700497862720481E-4 9096
8 155401265 65536 0 0.9884107635803351 0.9995297306324703 9.119156428381595E-4 5720
9 155401264 262144 16 0.9786485649177217 0.9991528818466753 0.003264564499055661 1140
10 155401263 1048576 6058 0.9600988378067429 0.9986639262832984 0.022288587332406663 455
11 155401262 4194304 228523 0.9247299291559163 0.9981171490506007 0.2784408589499148 292
12 155401261 16777216 3707829 0.85916006177067 0.9975090611395593 2.4386186388016684 242
13 155401260 67108864 31588857 0.7464471394890878 0.9968076399555671 11.477164700354443 214
14 155401259 268435456 197330628 0.5805267703783532 0.9959629336826754 40.63987099932105 176
15 155401258 1073741824 972669890 0.40425518305649755 0.9949261793985229 77.15111171401742 136
Table A.55: Homo sapiens, results for hromosome 7, oligonuleotide order 1 to 15.
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1 143199949 4 0 0.999611599023684 0.9999855052342844 6.758412674942734E-7 4
2 143199948 16 0 0.9993962846969748 0.9999901312804782 1.396569465585963E-6 16
3 143199947 64 0 0.9991617664495365 0.9999892635044698 2.966255286310379E-6 64
4 143199946 256 0 0.9987824576414296 0.9999827441158509 7.053823534279326E-6 256
5 143199945 1024 0 0.9979787631901674 0.9999666519339231 2.0283146126323077E-5 1018
6 143199944 4096 0 0.9964957947190258 0.999922715705542 6.738866955928523E-5 3324
7 143199943 16384 0 0.9935468060905583 0.9998090939323014 2.502893245406882E-4 8744
8 143199942 65536 0 0.9882449533394364 0.9995485105599582 9.138148037444563E-4 5142
9 143199941 262144 21 0.9780454727980649 0.9990525643412209 0.003435039954207958 946
10 143199940 1048576 8202 0.9585179225633754 0.9983051167285111 0.027071598728229136 403
11 143199939 4194304 265629 0.9213509651006206 0.9974006904677573 0.33111301693346495 278
12 143199938 16777216 3978973 0.8525478342036712 0.9964151987482253 2.7105326980698528 212
13 143199937 67108864 32544544 0.7343143454036576 0.995298504734097 12.480680116904344 166
14 143199936 268435456 199832543 0.5603425968011606 0.993956651666725 43.76059349130214 144
15 143199935 1073741824 977014014 0.37612000312709637 0.9923105992873309 82.01279127143792 106
Table A.56: Homo sapiens, results for 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leotide order 1 to 15.
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1 120983611 4 0 0.9997203505522744 0.9999947415245565 2.261280634578355E-7 4
2 120983610 16 0 0.9995835551609016 0.9999921249386614 8.977235844012584E-7 16
3 120983609 64 0 0.9992766540796448 0.9999895286588526 2.4058326989433615E-6 64
4 120983608 256 0 0.9988264443229367 0.9999827233846352 7.012927321026454E-6 256
5 120983607 1024 0 0.9979221234493364 0.9999660608224521 2.164475300348873E-5 1008
6 120983606 4096 0 0.9964398730188286 0.9999238897011195 7.14415294018184E-5 3258
7 120983605 16384 0 0.9932845033010878 0.9998087159435131 2.5974775943196036E-4 8058
8 120983604 65536 0 0.987574051769858 0.9995565511697071 9.598942632039954E-4 3361
9 120983603 262144 48 0.9764986251897292 0.9990920173684489 0.0038343820275959766 634
10 120983602 1048576 9723 0.9554999197329238 0.9984469599467118 0.03253525417525305 333
11 120983601 4194304 303205 0.9157508049376047 0.9976952336158558 0.4321269674820538 226
12 120983600 16777216 4361602 0.8426382170806621 0.9968466090141763 3.19959416202838 154
13 120983599 67108864 34733828 0.7197858446912295 0.9958616004500619 14.961270460482941 120
14 120983598 268435456 208344741 0.5480046725011435 0.9946675148237467 47.21553501048319 90
15 120983597 1073741824 993179051 0.3829837196855703 0.9932166873615403 80.70094446810404 62
Table A.57: Homo sapiens, results for hromosome 9, oligonu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1 131735771 4 0 0.9996301308321185 0.9999866907552822 4.755836261715953E-7 4
2 131735770 16 0 0.9994770213131938 0.9999918874865495 1.0053332104821508E-6 16
3 131735769 64 0 0.9992765897924049 0.999990840028135 2.1939136365382816E-6 64
4 131735768 256 0 0.9988524452979239 0.9999836383436556 6.329573319075902E-6 256
5 131735767 1024 0 0.998055858284865 0.9999679421240095 2.095775521440313E-5 1002
6 131735766 4096 0 0.996631127495019 0.9999279230370902 7.226589594186519E-5 3331
7 131735765 16384 0 0.9936801596741781 0.9998299645941304 2.5552847480909925E-4 8568
8 131735764 65536 0 0.9880913887590921 0.9996088348625369 9.108921985871635E-4 4049
9 131735763 262144 26 0.977263645559938 0.9992132504416978 0.0035045120715240237 814
10 131735762 1048576 7584 0.9565258900616523 0.9986504140224663 0.027966339987320517 425
11 131735761 4194304 259586 0.91711779005854 0.9979906415188445 0.3647101174474956 320
12 131735760 16777216 3980667 0.8441221199164145 0.9972370196746682 3.0016581234693054 242
13 131735759 67108864 33055014 0.7197440142277542 0.9963519704210473 14.24366591281296 198
14 131735758 268435456 203085107 0.5414573315773534 0.9952735093689136 47.4025192357612 156
15 131735757 1073741824 984130334 0.36189298248007185 0.993926063235738 84.61819220026354 136
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1 131245847 4 0 0.999672926793638 0.9999908650581305 4.3428717691892575E-7 4
2 131245846 16 0 0.9995507972115171 0.999991662180991 1.27508581996755E-6 16
3 131245845 64 0 0.9993084657270483 0.9999892580209742 2.9066460775226566E-6 64
4 131245844 256 0 0.9988207702790193 0.9999822971711267 6.979264070013963E-6 256
5 131245843 1024 0 0.9979975213386377 0.9999643931269576 1.9718806562858098E-5 1014
6 131245842 4096 0 0.9965425190384317 0.9999206587290441 6.389151891551622E-5 3323
7 131245841 16384 0 0.9936571780586937 0.9998180470688447 2.2413373287472136E-4 8618
8 131245840 65536 0 0.9883257937927785 0.9995847644249087 8.158759586955373E-4 3990
9 131245839 262144 21 0.9778334839247742 0.9991440042354691 0.003236507340657776 766
10 131245838 1048576 8134 0.9576717091783131 0.9984887277131372 0.027880547693125837 391
11 131245837 4194304 269668 0.9190804581481697 0.997691831403153 0.37077345887829855 262
12 131245836 16777216 4068168 0.8474077760455577 0.9967884018096977 2.958865643551788 188
13 131245835 67108864 33147492 0.7250488977421645 0.9957475320072915 13.805736118509149 152
14 131245834 268435456 202817678 0.547953552567619 0.9944937515312556 46.782557824150786 130
15 131245833 1073741824 983446616 0.3678850360148196 0.9929668980504255 84.15416924811669 96
Table A.59: Homo sapiens, results for 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1 130303032 4 0 0.9997143427944178 0.9999951628512523 2.397401963513336E-7 4
2 130303031 16 0 0.9996620032576219 0.9999948087994156 6.538482956212259E-7 16
3 130303030 64 0 0.9993798455799531 0.9999924794196559 1.7613200755564048E-6 64
4 130303029 256 0 0.9989871225480108 0.999985445951869 5.217604888676083E-6 256
5 130303028 1024 0 0.9981894357819528 0.9999718901881606 1.619483264116959E-5 1010
6 130303027 4096 0 0.9967136603818114 0.9999370743549314 5.6548334025498255E-5 3311
7 130303026 16384 0 0.9937779956084827 0.9998435608094602 2.1929710834297614E-4 8484
8 130303025 65536 0 0.9882458906844258 0.9996368476415542 8.361170859345895E-4 3974
9 130303024 262144 31 0.9774746286778425 0.9992727184881346 0.0034088957435275623 806
10 130303023 1048576 8784 0.9570641810819692 0.9987722767445708 0.029801518434314774 467
11 130303022 4194304 282580 0.9183009124684768 0.9981798916979996 0.3881122989654101 332
12 130303021 16777216 4184905 0.8468532283683584 0.9975063084681809 3.0286779495194813 248
13 130303020 67108864 33693867 0.7253119536293173 0.9967197184964763 14.003213802590816 194
14 130303019 268435456 204300520 0.5499565746822797 0.9957692637546383 46.73921183726261 168
15 130303018 1073741824 985578118 0.37151871647362766 0.9945998034222634 83.59881181439707 136
Table A.60: Homo sapiens, results for hromosome 12, oligonu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1 95746838 4 0 0.9991297884949475 0.999950191393849 3.0864178357579317E-6 4
2 95746837 16 0 0.9988482021604537 0.9999575544730948 5.954540877635833E-6 16
3 95746836 64 0 0.9985571742548234 0.9999582212973994 1.0395677018454501E-5 64
4 95746835 256 0 0.9980671737086662 0.9999535338124586 1.7462213152635228E-5 256
5 95746834 1024 0 0.9972600242844584 0.9999383616734042 3.513958011446611E-5 992
6 95746833 4096 0 0.9958252091742815 0.9998963828059065 9.358511296835027E-5 3040
7 95746832 16384 0 0.992651579323272 0.999774304057346 3.273652143670194E-4 6542
8 95746831 65536 0 0.9864876676701707 0.9994735974084001 0.001206160567264153 2076
9 95746830 262144 161 0.9743842172111599 0.9988195197497766 0.0053374343280710845 428
10 95746829 1048576 18533 0.9509624804389083 0.9976792856691545 0.05662809751525289 211
11 95746828 4194304 430320 0.9063687415315732 0.9961349067743959 0.6861604483145851 148
12 95746827 16777216 5178960 0.8248972260981557 0.9943199615917262 4.213792613314185 124
13 95746826 67108864 37841328 0.6894130359997521 0.9922441339913709 18.94286791019905 98
14 95746825 268435456 215986304 0.5026144104517304 0.9898050642510368 55.24013579185492 78
15 95746824 1073741824 1004284452 0.32513792833483435 0.9868666837003696 91.3849007535818 68
Table A.61: Homo sapiens, results for hromosome 13, oligonuleotide order 1 to 15.
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1 88290585 4 0 0.9971756105138504 0.9993229843292861 2.8013423745099378E-5 4
2 88290584 16 0 0.9968199893207185 0.9995330730769051 5.401774857395432E-5 16
3 88290583 64 0 0.9956503288691615 0.9995951799879723 8.068326718250527E-5 64
4 88290582 256 0 0.9951206347240977 0.999605844771679 1.1168497980921203E-4 256
5 88290581 1024 0 0.9941153972018827 0.9995964763119046 1.5377566343094254E-4 974
6 88290580 4096 0 0.9928011346170792 0.9995500809335517 2.4099683054439747E-4 2912
7 88290579 16384 0 0.9898943351589075 0.9994389293433618 4.992910507264986E-4 5058
8 88290578 65536 0 0.9838387398483222 0.9991662151661349 0.0014417319930556214 1048
9 88290577 262144 107 0.9715731951780087 0.9986702784988785 0.0055663328671489995 294
10 88290576 1048576 16026 0.9473706344378137 0.997937222256293 0.05769984656793952 173
11 88290575 4194304 415618 0.9007930234908992 0.9970268900548074 0.7468622151761499 126
12 88290574 16777216 5158040 0.8158850569937398 0.9959743109299969 4.618223245793526 92
13 88290573 67108864 38272279 0.6757063406984571 0.9947181527745321 21.19971992418424 80
14 88290572 268435456 218529225 0.48810054147117765 0.9931731893072594 59.13614154837592 64
15 88290571 1073741824 1009642107 0.32035130908826037 0.9912497388812749 93.22517400629309 48
Table A.62: Homo sapiens, results for hromosome 14, oligonuleotide order 1 to 15.
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1 81920097 4 0 0.9994611700716126 0.9999758128384778 8.45792867054663E-7 4
2 81920096 16 0 0.9993594001647654 0.9999816792713327 2.2854224520610498E-6 16
3 81920095 64 0 0.9990237682219485 0.9999810131633157 4.4421572940627235E-6 64
4 81920094 256 0 0.9986428726510006 0.99997392520276 9.9756725114489E-6 256
5 81920093 1024 0 0.9976693507904099 0.999953991537517 2.794277606725228E-5 990
6 81920092 4096 0 0.995840226839589 0.9998931302490416 9.341005847933803E-5 3083
7 81920091 16384 0 0.9922041468435381 0.9997510247774092 3.4515305750631374E-4 5672
8 81920090 65536 0 0.9853610024110081 0.9994588497080171 0.0012996037728887101 1217
9 81920089 262144 112 0.9720071715254118 0.9989555143422316 0.0056899106640279 322
10 81920088 1048576 15972 0.9462763150352085 0.9982757098707965 0.059930498726988864 185
11 81920087 4194304 424448 0.8976384021662477 0.9974846531425727 0.8064860540134716 132
12 81920086 16777216 5241566 0.809341289021596 0.9965776900351533 4.993664142325823 108
13 81920085 67108864 39095767 0.6659730882847594 0.995510989635719 22.990800732600178 92
14 81920084 268435456 221481946 0.480882136302497 0.9942075952366198 60.84048275859557 72
15 81920083 1073741824 1014781035 0.3245452278167248 0.9925846749076006 92.31561128805143 56
Table A.63: Homo sapiens, results for hromosome 15, oligonuleotide order 1 to 15.
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1 78990186 4 0 0.9977595950970416 0.9990429941830196 1.4576581663070214E-5 4
2 78990185 16 0 0.9976668367088899 0.9997089672629355 2.7494515718832244E-5 16
3 78990184 64 0 0.9967655221565251 0.9997801754230328 4.294306017905021E-5 64
4 78990183 256 0 0.9961824623193999 0.999800515034237 6.221127006754769E-5 256
5 78990182 1024 0 0.9954252542423564 0.999790403722004 9.733825524691041E-5 982
6 78990181 4096 0 0.9937491724446106 0.9997337876355227 1.9361203494411633E-4 2992
7 78990180 16384 0 0.990245445699706 0.9996025925329308 5.129400402077363E-4 4512
8 78990179 65536 0 0.9833365866913658 0.9993581694756832 0.0016322468146244267 988
9 78990178 262144 37 0.9696509609080765 0.9990017508515513 0.006057640163013232 430
10 78990177 1048576 10152 0.9433507662604681 0.9985787315158432 0.05344194421760484 293
11 78990176 4194304 353615 0.8930730069521556 0.9980751080176384 0.7829590383973588 228
12 78990175 16777216 4906551 0.8020531920583794 0.9974905132547598 5.497378089800741 188
13 78990174 67108864 39046778 0.6557703493601622 0.996773714410655 25.44285250994583 166
14 78990173 268435456 222939711 0.47407807297750826 0.9958731018786308 62.88246625466654 130
15 78990172 1073741824 1017661241 0.3275540152007771 0.9947341235478853 92.06551439454253 86
Table A.64: Homo sapiens, results for hromosome 16, oligonu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1 79601053 4 0 0.9989675890342807 0.9997251165252407 3.0760039834758356E-6 4
2 79601052 16 0 0.9988715224517385 0.999936415768072 5.62990199492986E-6 16
3 79601051 64 0 0.9985141276589425 0.9999519777448574 9.308325322782464E-6 64
4 79601050 256 0 0.9980703143991191 0.999947351821217 1.686346637951109E-5 256
5 79601049 1024 0 0.9970195493277985 0.9999165185987579 4.090382127928819E-5 1006
6 79601048 4096 0 0.9952071234037019 0.9998426541467255 1.1846967426323037E-4 3146
7 79601047 16384 0 0.9914423864299172 0.9996962465231509 4.0346073466045786E-4 4926
8 79601046 65536 0 0.984299377171501 0.9994463704916443 0.0014835426165348458 1210
9 79601045 262144 40 0.9704448226778932 0.999129182900119 0.005978968791780862 538
10 79601044 1048576 9450 0.9441292378024589 0.9987897114752675 0.05216620974548507 353
11 79601043 4194304 350956 0.89441496388433 0.9984344541162241 0.7875674886331334 256
12 79601042 16777216 4916340 0.8044347962178686 0.9980273041857255 5.48569136119878 202
13 79601041 67108864 39215901 0.6606404808198425 0.9975385656978868 25.30007625385808 158
14 79601040 268435456 223430741 0.4834609196060755 0.9969365464549882 61.75940221114302 122
15 79601039 1073741824 1018300519 0.3414758694292922 0.99618690033315 90.19813243015349 92
Table A.65: Homo sapiens, results for hromosome 17, oligonuleotide order 1 to 15.
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1 74660417 4 0 0.9993354845580357 0.9999788340838843 1.3396723223357027E-6 4
2 74660416 16 0 0.999269947812774 0.9999825103806027 3.077417458725957E-6 16
3 74660415 64 0 0.9988437647982535 0.9999770613750728 7.680200418743306E-6 64
4 74660414 256 0 0.9983269982939018 0.9999691900606551 1.501334995652779E-5 256
5 74660413 1024 0 0.9972459970185271 0.9999452570242585 3.727454358440506E-5 970
6 74660412 4096 0 0.9954664327327848 0.9998872822258381 1.1303163394150053E-4 2926
7 74660411 16384 0 0.9918117916602415 0.9997342182297372 3.903686797706442E-4 4880
8 74660410 65536 0 0.9846216220886009 0.9993413713571807 0.0014564244962000236 995
9 74660409 262144 222 0.9705557600146552 0.9985147922913603 0.006931720087857516 218
10 74660408 1048576 21465 0.9436614785175029 0.9971537858968901 0.07851120438233851 107
11 74660407 4194304 493811 0.8926055010656452 0.9953706529867176 0.9776231488048637 70
12 74660406 16777216 5608066 0.8001648289991887 0.993306003164467 5.578247159562147 44
13 74660405 67108864 40177126 0.6493415619698286 0.9909158568215997 25.037656612503476 38
14 74660404 268435456 223323374 0.45266363680539423 0.9881001953197607 65.39414908738563 20
15 74660403 1073741824 1016823080 0.28272035981375565 0.9846937760647562 99.66079650073276 18
Table A.66: Homo sapiens, results for hromosome 18, oligonuleotide order 1 to 15.
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1 56037509 4 0 0.9987513542045561 0.9971686333317393 4.499003522673464E-6 4
2 56037508 16 0 0.9984789116603829 0.9998699485766938 9.922358887975911E-6 16
3 56037507 64 0 0.997918269276326 0.9998806340404804 2.0966729577820377E-5 64
4 56037506 256 0 0.9967448943926948 0.9998166987553236 5.190255492975295E-5 256
5 56037505 1024 0 0.9948523939458047 0.999715063294815 1.2748683388855527E-4 972
6 56037504 4096 0 0.9918715330361609 0.9995517400789568 3.239644244618918E-4 2546
7 56037503 16384 0 0.9865786132547698 0.9992818158200478 9.416276252377555E-4 2054
8 56037502 65536 0 0.977603141553312 0.9989534669476695 0.0029618846167685643 423
9 56037501 262144 56 0.960685952073416 0.9986246742940885 0.01035677930875983 196
10 56037500 1048576 12744 0.9290942850769573 0.9983078837874305 0.09595197209346348 110
11 56037499 4194304 466733 0.8705421703420418 0.9979904900899692 1.3789769470309485 84
12 56037498 16777216 6015193 0.7689355438388773 0.9976282481831596 9.35926300112628 64
13 56037497 67108864 45219514 0.6200584226665227 0.9971842266253294 35.0727248383445 50
14 56037496 268435456 237081429 0.4636731091624794 0.9966336067837286 67.36611976630412 50
15 56037495 1073741824 1037042751 0.3539216733367543 0.995952189464123 88.58327215373511 30
Table A.67: Homo sapiens, results for hromosome 19, oligonu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1 59505253 4 0 0.9959038070134749 0.9965193912217896 6.28068768035944E-5 4
2 59505252 16 0 0.9951235564887617 0.9986837282506296 1.1791848775650811E-4 16
3 59505251 64 0 0.9939190744695792 0.9989075131313213 1.7360706925838326E-4 64
4 59505250 256 0 0.9929463198625331 0.9989579721600491 2.364930167754663E-4 256
5 59505249 1024 0 0.9916238481751417 0.9989349816175059 3.180822265487665E-4 936
6 59505248 4096 0 0.9898788758934338 0.9988007780381802 4.752475432651862E-4 2333
7 59505247 16384 0 0.9863731512617703 0.9984847247676959 9.173357777527682E-4 2326
8 59505246 65536 0 0.9791496198503238 0.9978959019832563 0.002396069528300462 289
9 59505245 262144 157 0.9640441947596384 0.9970053895282636 0.008937707575847198 104
10 59505244 1048576 19011 0.9341753644435102 0.9959420962946117 0.09620825962551251 83
11 59505243 4194304 501832 0.8767368952682035 0.9948235926434525 1.2695334565992715 68
12 59505242 16777216 5787952 0.773127365820981 0.9935939813854224 7.531547350654355 54
13 59505241 67108864 42309006 0.6091634180592597 0.9921233622237082 32.793927755557284 28
14 59505240 268435456 230086135 0.4126969994575268 0.9902759914065061 74.50293629016016 24
15 59505239 1073741824 1027710619 0.26243847201420367 0.9880011580250594 104.09565375119297 16
Table A.68: Homo sapiens, results for 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leotide order 1 to 15.
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1 35449598 4 0 0.9973175436291266 0.9994026539995444 2.4980754458266282E-5 4
2 35449597 16 0 0.9968620517745237 0.9995867102003214 4.686758606061208E-5 16
3 35449596 64 0 0.9955690327190189 0.999601338022544 8.414633772544837E-5 64
4 35449595 256 0 0.9946991495953621 0.9995263128879701 1.5703344963455138E-4 246
5 35449594 1024 0 0.9932563402559702 0.9992765997464071 3.5945640616785393E-4 880
6 35449593 4096 0 0.9905721907724018 0.99865472193082 8.684720105183219E-4 2084
7 35449592 16384 0 0.985106739733422 0.9974025328203413 0.002150949736600664 900
8 35449591 65536 0 0.9745582396141045 0.9950790069199096 0.005559476191614844 129
9 35449590 262144 799 0.9539344742774176 0.9915458105307461 0.02279233203670393 48
10 35449589 1048576 42544 0.9145968941981245 0.9873485097633815 0.27361922126756477 18
11 35449588 4194304 813911 0.8412233168972232 0.9831658650697103 2.656333863577523 10
12 35449587 16777216 7540894 0.7149249721865589 0.9794728395118268 13.724459093691792 8
13 35449586 67108864 49047624 0.531162536002536 0.9757290967693715 47.777910587947204 2
14 35449585 268435456 243396669 0.34311278961375713 0.9712546640275382 87.05676448839911 2
15 35449584 1073741824 1045062167 0.21860499124615962 0.9658343103204001 110.88709237240585 0
Table A.69: Homo sapiens, results for hromosome 21, oligonu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1 35058629 4 0 0.9985429264789561 0.9963931799435148 8.51491035751376E-6 4
2 35058628 16 0 0.9982064899972697 0.9997915615879052 1.6168712452897464E-5 16
3 35058627 64 0 0.9976413508720693 0.9998602556921014 2.4072241995521802E-5 64
4 35058626 256 0 0.9969760937008769 0.9998649397647399 4.168243200306213E-5 254
5 35058625 1024 0 0.9955258085563824 0.9998152430115552 9.66225900314623E-5 914
6 35058624 4096 0 0.9928938739866117 0.9996753061481326 2.8939870548809027E-4 2205
7 35058623 16384 0 0.9872953652515103 0.9993709506993201 9.681324068930729E-4 1032
8 35058622 65536 0 0.976592605379641 0.9988425108410832 0.0034226774313715507 246
9 35058621 262144 371 0.9559830091434571 0.998153160821172 0.01666924475515152 162
10 35058620 1048576 30999 0.9166830297370518 0.9973684468486931 0.23880199469434935 94
11 35058619 4194304 713882 0.8432728054690346 0.9964876287484805 2.598049985676052 58
12 35058618 16777216 7384108 0.7173115038362322 0.9954804262936082 15.181266394562272 42
13 35058617 67108864 49555138 0.5401457222342798 0.9942492996268649 48.95184293661661 38
14 35058616 268435456 244823680 0.3696868410321731 0.9927334874750066 84.19261567182077 24
15 35058615 1073741824 1047066658 0.26180321156440434 0.9908423668343397 104.52163538342145 16
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1 152538530 4 0 0.9991222414428669 0.9999612217888257 2.2546602567197917E-6 4
2 152538529 16 0 0.9990783967767252 0.9999648798327465 4.5899761421852336E-6 16
3 152538528 64 0 0.9986692673473287 0.9999659411699638 7.1771323055063775E-6 64
4 152538527 256 0 0.998315632089459 0.999960306832398 1.2079617768301467E-5 256
5 152538526 1024 0 0.9975861573488655 0.9999460757562437 2.6799436921656162E-5 1012
6 152538525 4096 0 0.9962242915355317 0.99990603220432 7.370199452155734E-5 3312
7 152538524 16384 0 0.9935853188142819 0.9998060572812848 2.4391069812575755E-4 8994
8 152538523 65536 0 0.9885523671944824 0.9995745112408111 8.675404733919554E-4 5967
9 152538522 262144 32 0.9787160255820494 0.9991190256953676 0.003335629827027448 1018
10 152538521 1048576 10337 0.9602512994078394 0.9984076216561331 0.02809055422307954 408
11 152538520 4194304 300657 0.9253559559906573 0.9975198887855046 0.32230650370563213 276
12 152538519 16777216 4254988 0.861401846965618 0.9965365972144689 2.4536991692877383 214
13 152538518 67108864 33315598 0.7528857334250487 0.9954562217219465 10.993338484968193 180
14 152538517 268435456 201310351 0.5941176745542898 0.9942111014426582 39.02057724664458 156
15 152538516 1073741824 978906582 0.4274602225709342 0.9927566500989355 73.21518692368691 112
Table A.71: Homo sapiens, results for hromosome X, oligonu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1 25652954 4 0 0.9953160949807184 0.9989006790434252 6.399089641291933E-5 4
2 25652953 16 0 0.9946614333250445 0.9991579537817749 1.2430702619486723E-4 16
3 25652952 64 0 0.9926689138934186 0.9991554624563117 2.2383562555465772E-4 64
4 25652951 256 0 0.9903880454143463 0.9989456639804661 4.1200641677221486E-4 216
5 25652950 1024 0 0.9866340518341945 0.9982703510829066 9.169302343703814E-4 558
6 25652949 4096 0 0.9821815417790758 0.9966718242182045 0.0022840161302602868 1160
7 25652948 16384 0 0.9751053173303903 0.9932732839259476 0.005736969520635962 288
8 25652947 65536 23 0.9628176443041807 0.9860517739243435 0.014490911919967814 33
9 25652946 262144 3400 0.9401696007936087 0.9737361983864715 0.05950516954981247 6
10 25652945 1048576 98537 0.8996320695343166 0.9575165665506614 0.5666268635564358 8
11 25652944 4194304 1255934 0.8299728093586451 0.940790523441896 3.2354835819407333 4
12 25652943 16777216 9473703 0.7224393318146771 0.9254831807034081 14.892109112837238 4
13 25652942 67108864 54618394 0.5914606597559063 0.9112797205271496 40.42275681722711 2
14 25652941 268435456 252463355 0.4866589760604837 0.8961085312975742 62.65675818982261 2
15 25652940 1073741824 1055964898 0.42597417683898997 0.8803447350701034 75.10715409048407 0
Table A.72: Homo sapiens, results for hromosome Y, oligonuleotide order 1 to 15.
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